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(54) NONAQUEOUS SECONDARY CELL 

(57) A cylinder type nonaqueous secondary eel! 
comprising a positive active -material such as a lithium- 
containing transition metal oxide, a negative active 
material containing a composite oxide or composite 
chalcogen capable of adsorbing and emitting lithium, 
and a nonaqueous electrolyte containing a lithium salt 
wherein a curent collector sheet (positive plate sheet) 
coated with the positive active meterial, a current collec- 
tor sheet (negative plate sheet) coated with the negative 
active material and a separator are wound together into 
a coil, which includes lithium-base foil to obtain high 
capacity and good charge/discharge cycle. 
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Description 
TECHNICAL FIELD 

This invention relates to a nonaqueous secondary battery in which charge and discharge capacities and cycle 
characteristics are improved. 

BACKGROUND ART 

Lithium metals and lithium alloys are used as typical negative electrode materials in nonaqueous secondary bat- 
teries, but, when they are used, the lithium metal grows into a dendritic form during charging and discharging to gener- 
ate a so-called dendrite which becomes a cause of internal short, or the high activity of the dendrite itself poses a 
possible danger of causing firing and the like. 

On the other hand, calcined carbonaceous materials capable of reversely intercalating and deintercalating lithium 
have been put into practical use. Such the carbonaceous material has a relatively small density which poses a disad- 
vantage of having low capacity per volume. Because of this, use of the carbon material by pressing or laminating lithium 
foil thereto is described in JP-A-5-151995 (the term "JP-A" as used herein means an "unexamined published Japanese 
patent application"), but it cannot resolve the aforementioned problems basically. 

Also, methods in which oxides of Sn, V, Si, B. Zr and the like or composite oxides thereof are used in negative elec- 
trode materials have been proposed (JP-A-5-174818, JP-A-6-60867, JP-A-6-275267, JP-A-6-325765. JP-A-6-338324, 
EP-61 5296). It is said that negative electrodes of these oxides or composite oxides provide nonaqueous secondary bat- 
teries having a large charging capacity of 3 to 3.6 V class when combined with a positive electrode of a certain type of 
lithium-containing transition metal compound and have markedly high safety, because they hardly generate dendrite 
within the practical range. However, batteries in which these materials are used have a serious problem in that their 
charge and discharge characteristics are not sufficient, and their charge and discharge efficiency in initial cycles is par- 
ticularly low. That is, it is assumed that a part of lithium molecules intercalated in the negative electrode during the 
charging step cause a plurality of irreversible side reactions during several initial stage cycles, so that lithium does not 
move into the positive electrode side during the discharging step, thereby causing capacity loss due to unnecessarily 
consumed lithium in the positive electrode. In order to compensate such a capacity loss, it may be possible to interca- 
late lithium into the negative electrode material in advance in an amount corresponding to the capacity loss, but suffi- 
cient effect is not obtained yet by such a means. 

The object of the present invention is to obtain a nonaqueous secondary battery which has 1 ) high charge and dis- 
charge capacities and excellent charge and discharge cycle characteristics and 2) a high energy density. 

DISCLOSURE OF THE INVENTION 

The present invention has been achieved by a cylinder type nonaqueous secondary battery which comprises a 
positive electrode active material comprising a lithium-containing transition metal oxide, a composite oxide or compos- 
ite chalcogen negative electrode material capable of intercalating and deintercalating lithium and a nonaqueous elec- 
trolyte containing a lithium metal salt wherein a metal foil mainly comprising lithium is mounted in advance on a coiled 
group in which a current collector sheet coated with said positive electrode active material (positive electrode sheet), 
another current collector sheet coated with said negative electrode material (negative electrode sheet) and a separator 
are coiled in a spiral form. 

A nonaqueous secondary battery having a high energy density as an object of the present invention is substantially 
achieved when a part of or entire portion of the metal foil mainly comprising lithium introduced into the coiled group is 
finally incorporated into the negative electrode material. As a means for intercalating lithium in the negative electrode 
material, a method is posstole in which lithium is introduced into the negative electrode material by forming a local elec- 
trochemical junction in a state that the negative electrode sheet and the metal foil mainly comprising lithium are electri- 
cally conducted. In this method, lithium is supplied into the negative electrode material through the formation of a local 
electrochemical junction comprising the metal foil mainly comprising lithium, which is the most efficient lithium supply 
source per unit volume, and the negative electrode material, so that it is possible to supply lithium in a corresponding 
amount to the side reactions without using the positive electrode active material. 

The part on which the metal mainly comprising lithium is pressed is any optional area on the negative electrode 
sheet but preferably on the negative electrode material mixture layer coated with the negative electrode material or on 
the current collector metal on which the negative electrode material is not coated. Most preferably, it is on the negative * 
electrode material mixture layer. 

Preliminary intercalation of lithium into the negative electrode material may be effected by a method in which the 
metal foil mainly comprising lithium is laminated on the negative electrode sheet to assemble a nonaqueous secondary 
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battery together with a separator and the positive electrode sheet and then an electrolytic solution is injected therein 
and subjected to aging for a predetermined period of time. 

The metal foil mainly comprising lithium to be used in the preliminary intercalation may have a lithium content of 
preferably 90% or more, more preferably 98% or more. 
5 Aluminum is desirable as other metal than lithium. 

It is possible to optionally control the intercalating amount of lithium by the laminating amount of lithium. The 
amount of lithium for preliminary intercalation is preferably from 0.5 to 4.0 equivalents, more preferably from 1 to 3.5 
equivalents, most preferably from 1 .2 to 3.2 equivalents, based on the negative electrode material. 

Preliminary intercalation of lithium into the negative electrode material in an amount of more than 4.0 equivalents 
w is not desirable because of the extreme deterioration of cyde characteristics. It is possible that local overcharge of the 
negative electrode active material is a cause of the deterioration of cycle characteristics, though not strictly clear. 

In other words, the amount of lithium for preliminary intercalation is preferably from 0.005 to 0.2 g, more preferably 
from 0.04 to 0.15 g t based on the unit weight of the negative electrode material. When converted to the unit volume of 
the negative electrode sheet, it may be preferably from 1 to 30 g/m 2 , more preferably from 4 to 16 g/m 2 . 
is Pressing of the metal foil mainly comprising lithium on the negative electrode sheet can be made easily by press 
roller and the like. When the metal foil mainly comprising lithium is pressed on the negative electrode collector metal, 
the foil may have a thickness of preferably from 50 jim to 500 urn, more preferably from 50 to 250 urn. When the metal 
foil mainly comprising lithium is pressed on the negative electrode material mixture layer, the foil may have a thickness 
of preferably from 5 to 150 ^im, more preferably from 5 to 100 ^m. most preferably from 10 to 75 urn. 
20 The battery of the present invention may be subjected to the main charging immediately after its assembling, but it 
is desirable to carry out aging before the main charging, in order to effect uniform diffusion of lithium in the negative 
electrode material. The term "main charging" as used herein means a charging carried out by setting the final voltage 
to the desirable voltage range of the battery of the present invention, and the desirable voltage range is 3.8 to 4.3 V as 
the final charging voltage. The aging may be carried out preferably at a temperature of from 0 to 80°C for a period of 
2S from 1 hour to 60 days, more preferably at 20 to 70°C for 10 hours to 30 days. 

It is further desirable to set the open circuit voltage of the battery to a preferable range during the aging, in order to 
effect uniform intercalation of lithium in the negative electrode material. 

The open circuit voltage of this case is preferably 1.5 to 3.8 V, more preferably 1 .5 to 3.5 V. Setting of the battery 
* open circuit voltage to the preferred range may be effected by charging or charging and discharging the battery after 
30 injection of electrolytic solution and cramping. Timing of the charging or charging and discharging is preferably between 
immediately after the commencement of aging, namely from immediately after cramping to 60 days after the com- 
mencement of aging. More preferably, it may be between 1 hour and 30 days after the commencement of aging, most 
preferably between 3 hours and 10 days after the commencement of aging. The aging temperature of this case is within 
the range of preferably from 0 to 80°C, more preferably from 10 to 70°C. most preferably from 20 to 60°C. During the 
35 aging, the battery may be placed vertically or horizontally or continuously rolled. 

When the open circuit voltage is set by charging, it is desirable to effect the charging by constant voltage charging 
under a current condition of from 0.05 to 4.1 mA per 1 cm 2 of the surface of the negative electrode sheet. The current 
value is more preferably from 0. 1 to 3.0 mA, most preferably from 0.1 5 to 2.4 mA. The charging period is preferably from 
0.2 to 20 hours, more preferably from 0.5 to 10 hours, most preferably from 0.5 to 5 hours. 
40 When the open circuit voltage is set by charging and discharging, a combination of constant voltage charging and 
constant current discharging is desirable. Final charging voltage of the constant voltage charging is within the range of 
preferably from 2.0 to 3.8 V, more preferably from 2.5 to 3.5 V, most preferably from 2.7 to 3.5 V. Final discharging volt- 
age of the constant current discharging is within the range of preferably from 1 .0 to 3.5 V, more preferably from 1 .5 to 
3.3 V, most preferably from 2.5 to 3.1 V. The current condition in this case is within the range of preferably from 0.05 to 
45 4.5 mA, more preferably from 0.1 to 3.0 mA, most preferably from 0.15 to 2.4 mA. per 1 cm 2 of the surface of the neg- 
ative electrode sheet, in both cases of charging and discharging. The charging period is preferably from 0.2 to 20 hours, 
more preferably from 0.5 to 10 hours, most preferably from 0.5 to 5 hours. The number of charging and discharging 
cycles is preferably from 1 to 500 cycles, more preferably from 5 to 200 cycles, most preferably from 10 to 150 cydes. 
. When the open circuit voltage is adjusted by charging and discharging, the adjustment may be completed either by 
so charging or discharging. 

The aforementioned charging or charging and discharging may be carried out at a temperature of preferably from 
0 to 60°C, more preferably from 1 0 to 50°C, most preferably from 20 to 40°C. The charging or charging and discharging 
procedure may be carried out optional times during the aging, but preferably 1 to 3 times, more preferably only once. 
The metal foil mainly comprising lithium may be pressed directly on the negative electrode material-containing neg- 
55 ative electrode material mixture layer, but it is more desirable to arrange at least one layer of an auxiliary layer contain- 
ing water insoluble particles on the mixture layer and press the foil on the auxiliary layer, in view of uniform intercalation 
of lithium. This auxiliary layer does not contain the negative electrode material. 

Arrangement of a layer which is different from the active material, such as a protective layer, on the electrode sur- 
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face has been examined in the prior art, and, in the case of negative electrodes of lithium metals and alloys, arrange- 
ment of protective layers comprising carton materials and metal powder-containing carbon has been described in JP- 
A-4-229562, U.S. Patent 5387479 and JP-A-3-297072. However, the object of these patents is to protect active part on 
the lithium metal surface, thereby preventing decomposition of the electrolytic solution caused by its contact with the 
5 active part and formation of a passive film from the decomposed products and the like, so that the construction and 
object of these inventions are different from those of the metal oxide negative electrode of the present invention. 

JP-A-61 -263069 describes that a transition metal oxide is used as the negative electrode material and its surface 
is coated with an ion-conductive solid electrolyte, and arrangement of the solid electrolyte film on the transition metal 
oxide layer by spattering is described in its Examples. Similar to the case of the aforementioned patents, the object of 
w this patent is to prevent precipitation of dendritic form-lithium and decomposition of electrolytic solution, which therefore 
is different from the object of the instant invention. In addition, the ion-conductive solid electrolyte is not desirable 
because of its solubility in water and hygroscopicity. 

Also. JP-A-61 -7577 describes about a protective layer comprised of a material having both electric conductivity and 
ionic conductivity, covered on the surface of positive electrode, and describes that oxides of tungsten, molybdenum and 
75 vanadium are desirable as the material having electric -ionic mixture conductivity. However, these oxides are com- 
pounds capable of intercalating and deintercalating lithium, so that are not desirable in the present invention. 

According to the present invention, the auxiliary layer to be arranged on the negative electrode sheet comprises at 
least one layer, and may be constructed by a plurality of the same or different layers. These auxiliary layers comprise 
water insoluble electrically conductive particles and a binder. The binder to be used in the formation of an electrode 
20 material mixture, which will be described later, can be used in this case. The electrically conductive particles to be 
included in the auxiliary layer may be used in an amount of preferably 2.5% by weight to 96% by weight, more preferably 
5% by weight to 95% by weight, most preferably 10% by weight to 93% by weight 

Examples of the water insoluble electrically conductive particles of the present invention include particles of metals, 
metal oxides, metal fbers, carbon fibers and carbon black, graphite and the like carbon particles. These particles may 
25 have a solubility of 100 ppm or less in water, but preferably be insoluble in water. Of these water insoluble electrically 
conductive particles, those which have low reactivity with alkali metals, particularly with lithium, are desirable, and metal 
powders and carbon particles are more desirable. The particle-constituting elements may have an electrical resistivity 
of 5 x 10 9 Q*m or less at 20°C. 

As the metal powders, those which have low reactivity with lithium, namely metals which hardly form lithium alloys. 
30 are preferred, and their illustrative examples include copper, nickel, iron, chromium, molybdenum, titanium, tungsten 
and tantalum. These metal powder may have a needle shape, a columnar shape, a plate shape or a mass shape, and 
a maximum particle size of preferably 0.02 pm to 20 jim, more preferably 0. 1 \itr\ to 10 urn. ft is desirable that the surface 
of these metal powders is not oxidized, and if oxidized, it is desirable to treat them with heat in a reduced atmosphere. 

As the carbon particles, carbon materials generally known as conductive materials to be combination-used with 
35 non-conductive electrode active materials can be used. Examples of these materials include thermal black, furnace 
black, channel black, lamp black or the like carbon black, flake graphite, scale graphite, earthy graphite or the like nat- 
ural graphite, synthetic graphite, carbon fibers and the like. In order to mix and disperse these carbon particles with a 
binder, it is desirable to use carbon black and graphite in combination. As the carbon black, acetylene black and Ketjen 
black are preferred. The carbon particles may have a particle size of preferably 0.01 *im to 20 urn, more preferably 0.02 
40 to 10 urn. 

The aforementioned auxiliaiV layer may contain particles having no conductivity, in order to improve strength of the 
coated layer. Examples of such the particles include teflon fine powder, SiC, aluminum nitride, alumina, zirconia, mag- 
nesia, mullrte, forsterite and steatite. It is desirable to use these particles in an amount of 0.01 time to 10 times of the 
conductive particles. 

45 When the negative electrode is formed by coating the material mixture on both sides of the current collector, these 
auxiliary layers may be coated on both sides or one side thereof. 

Coating method of the auxiliary layer may be effected by a method in which a material mixture mainly comprising 
a metal or metalloid oxide as a material capable of reversely intercalating and deintercalating lithium is coated on the 
current collector and then the auxiliary layer is coated by successive coating method or by a simultaneous coating 
so method in which the material mixture layer and the auxiliary layer are simultaneously coated. 

Next the protective layer to be arranged on the positive electrode sheet is described below. The protective layer 
comprises at least one layer and may be constructed by a plurality of the same or different layers. These protective lay- 
ers may be layers having substantially no electric conductivity, namely insulating layers, or electrically conductive layers 
similar to the case of the negative electrode sheet In addition, the protecting layer may have a shape in which an insu- 
55 lating layer and an electrically conductive layer are laminated. The protective layer may have a thickness of preferably ' 
0.2 *im to 40 ^m, more preferably 0.3 urn to 20 fim. Also it is desirable that these particle-containing protective layers 
does not melt at 300°C or less or form new films. 

When the protective layer comprise water insoluble conductive particles and a binder, the electrically conductive 
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particles used in the auxiliary layer of negative electrode sheet can be used. Preferred type, size and the like of the elec- 
trically conductive partides are the same as those in the case of the negative electrode sheet. 

When the protective layers are insulating type, these layers may preferably contain organic or inorganic particles. 
These particles may have a particle size of preferably 0.1 to 20 um, more preferably 0.2 urn to 15 ^m. Preferred 
organic particles are crosslinked latex or fluorocarbon resin in the form of powder, which do not decompose at 300°C 
or lower or form films. More preferred is fine powder of teflon. 

Examples of the inorganic particles include carbides, silicides, nitrides, sulfides and oxides of metal and metalloid 
elements. 

Among carbides, silicides and nitrides, SiC, aluminum nitride (AIN), BN and BP are preferred because of their high 
insulating capacity and chemical stability, and SiC in which BeO, Be or BN is used as a sintering aid is particularly pre- 
ferred. 

Among chalcogenides, oxides are preferred, particularly those which are hardly oxidized or reduced are preferred. 
Examples of such the oxides include Al 2 0 3 , As 4 0 6 . B 2 0 3 , BaO. BeO, CaO, U 2 0, K 2 0, Na 2 0. ln 2 0 3 , MgO. Sb 2 0 5 , Si0 2 , 
SrO and Zr0 4 . Of these oxides, Al 2 0 3 , BaO. BeO, CaO. K 2 0, Na 2 0, MgO. Si0 2 . SrO and Zr0 4 are particularly pre- 
ferred. These oxides may be used alone or as a composite oxide. Examples of preferred compound as the composite 
oxide include mullite (3AI 2 0 3 • 2Si0 2 ), steatite (MgO • Si0 2 ), forsterite (2MgO*Si0 2 ), cordierite 
(2MgO • 2AI 2 0 3 • 5Si0 2 ) and the like. 

These insulating inorganic compound particles may be used by adjusting their particle size to preferably 0.1 ^m to 
20 urn, more preferably 0.2 urn to 15 ^m, by controlling their formation conditions or by a grinding or the like means. 

The protective layer is formed using these electrically conductive particles and/or particles having substantially no 
conductivity and a binder. As the binder, a binder to be used in the formation of the electrode material mixture, which 
will be described later, can be used. These particles may be used in an amount of preferably 40% by weight to 96% by 
weight, more preferably 50% by weight to 94% by weight, based on the total weight of the particles and binder. 

The other materials for use in the preparation of the nonaqueous secondary battery of the present invention and 
production processes thereof are described in detail below. 

The positive and negative electrodes to be used in the nonaqueous secondary battery of the present invention can 
be prepared by coating a positive electrode material mixture or a negative electrode material mixture on a current col- 
lector. In addition to a positive electrode active material or a negative electrode active material, the positive or negative 
electrode material mixture may also contain an electrically conductive agent, a binder, a dispersing agent, a filler, an 
ionic conductive agent, a pressure reinforcing agent and various additives. 

Next, a method for the pressing of a metal foil mainly comprising lithium on a negative electrode material mixture 
layer or on an auxiliary layer arranged on the negative electrode material mixture layer is illustratively described below. 

With regard to the laminating pattern, it is desirable to laminate a metal foil having a constant thickness on the entire 
area of the negative electrode sheet, but, since lithium preliminary intercalated into the negative electrode material dif- 
fuses gradually in the negative electrode material by aging, the foil may be laminated not on the entire sheet but partially 
in the shape of a stripe, a frame or a disc. In the case of such a partial laminating, uniform preliminary intercalation of 
lithium can be achieved by controlling size of the metal foil. It is desirable to laminate the stripe in a lengthwise direction 
or crosswise direction against the negative electrode sheet, in view of the production suitability. Constant laminating dis- 
tance is desirable, but irregular distance may also be employed. A lattice like pattern prepared by combining lengthwise 
direction and crosswise direction may also be used, which is particularly desirable for the uniform preliminary interca- 
lation of lithium. Size of the stripe is optionally selected depending on the size of the negative electrode sheet, but the 
stripe may have a width of preferably from a half the length of the side of the negative electrode sheet to 0.5 mm. More 
preferably, it may be from a half the length of the side of the negative electrode sheet to 1 mm, more preferably from a 
half the length of the side of the negative electrode sheet to 1 .5 mm. The width of stripe of smaller than 0.5 mm would 
cause a difficulty in cutting and handling the metal foil. The term "width of stripe" as used herein means longitudinal 
direction of the electrode sheet. Also, it is particularly desirable that the length of stripe is equal to the width of the elec- 
trode. 

When the stripe is laminated, patterns on the front and back sides of the sheet may be the same or different from 
each other. It is desirable to apply the metal foil to the back side of the surface where the metal foil is not applied. 

When laminated in a frame shape, the frame may have any of triangular to polygonal shapes, but a quadrangular 
shape (a rectangle, a square or the like) is particularly preferred. From the handling point of view, the frame may have 
a size of preferably 4 mm 2 or more (2 mm x 2 mm in the case of a square), more preferably 16 mm 2 or more (4 mm x 
4 mm in the case of a square). 

Typical examples of the laminating pattern of lithium and negative electrode sheet are shown in Ftg. 3. Fig. 3 (a) is 
a frame pattern, and Rg. 3 (b) and (c) are stripe patterns. 

When laminated in a disc form, the disc may have a completely round shape, an elliptical shape or any other circu- 
lar form. From the handling point of view, the disc may have a size of preferably 4 mm 2 or more, more preferably 1 6 mm 2 
or more. 
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In the case of partial laminating, any one of stripe, frame and disc patterns or a combination of two or more of them 
may be used. 

In the negative electrode sheet, coating ratio of the metal foil lamination may be preferably 10 to 100%, more pref- 
erably 1 5 to 1 00%, most preferably 20 to 1 00%. The ratio of smaller than 1 0% would cause ununiform preliminary inter- 
5 calation of lithium. 

In this method, corresponding amount of lithium consumed by side reactions is supplied into the negative electrode 
material not from the positive electrode active material but from the laminated lithium. 

A roll transfer method or a board transfer method is used for laminating the metal material mainly comprising lithium 
on the negative electrode sheet. In the roll transfer method, the metal foil cut to an optional size is once adhered to a 
io roller and then continuously adhered to the negative electrode sheet by calender press. A twin roller system is desirable 
in view of the improvement of adhesiveness. Though not particularly limited, the roller may have a diameter of prefera- 
bly from 0.5 to 100 cm, more preferably 1 to 50 cm. As the roller material, it is desirable to use a material which hardly 
reacts with lithium, which includes polyolefin (polyethylene, polypropylene or the like), teflon, polyimide. polycarbonate 
and the like polymers and stainless steel, molybdenum and the like metals. In the board transfer method, the metal foil 
is cut to an optional size is once adhered on a flat board and then adhered on the negative electrode sheet by pressing. 
In this case, the adhesion is not continuous, and one or two or more sheets of the metal foil may be adhered simulta- 
neously. 

As the board material, the same material as described in the roll transfer method may be used preferably. In both 
of the roll transfer and board transfer methods, the laminating pressure may be preferably from 0.1 to 150 kg/cm 2 , more 

so preferably from 1 to 100 kg/cm 2 . 

Prior to its adhesion to a roller or a board, the metal foil is cut to an optional size, preferably using a cutter, a rolling 
cutter or a cutter for sewing machine. When the cutting is carried out. one or a mixture of solvents inert to lithium may 
be used, which include paraffin oil, carbonates (diethyl carbonate, ethylene carbonate, propylene carbonate and the 
like), esters (ethyl acetate, ethyl propionate and the like), ethers (diisopropyt ether, diethyl ether and the like) and aro- 

25 matic hydrocarbons (benzene, toluene, xylene and the like). 

The surface of the roller or board may be either smooth or non-smooth (such as an embossing-finished surface). 
It is desirable to store the metal foil mainly comprising lithium in the air at a dew point of -10 to -80°C until its contact 
with the electrolytic solution or to expose it at least once to a gaseous atmosphere containing 0. 1 to 1 0% of carbon diox- 
ide at a dew point of -10 to -80°C. 

30 In the case of the gaseous atmosphere, it means an average value in a treating room or zone and does not mean 
a local value. That is, when the carbon dioxide content is described to be 0.1% to 10%, it includes a case of locally 
exceeding 10%. It is desirable to store the metal mainly comprising lithium in the aforementioned gaseous atmosphere 
always until its contact with the electrolytic solution, and it is desirable to store in the aforementioned gaseous atmos- 
phere at least when the metal mainly comprising lithium is cut and when the metal mainly comprising lithium is pressed 

35 on the electrode sheet with a pressure. Alternatively, the aforementioned carbonic acid gas may be blown from a nozzle 
or the like in the midst of the cutting or pressing of the metal mainly comprising lithium. By the treatment with carbon 
dioxide under a condition of low dew point, stable surface-film of lithium carbonate is formed, and deterioration of lithium 
by oxygen, nitrogen, water and the like is prevented. In addition, since lithium carbonate is inert to the electrolytic solu- 
tion, which will be described later, and has lithium ion-permeability, it protects the surface of the metal mainly compris- 

40 ing lithium, hardly exerting other actions. 

The positive or negative electrode to be used in the present invention is prepared by coating a material mixture 
layer containing a positive electrode active material or a negative electrode material on a current collector. When the 
positive or negative electrode is in a sheet like shape, it is desirable to arrange the material mixture layer on both sides 
of the current collector, and the material mixture layer on one side may comprise a plurality of layers. In addition to the 

45 positive electrode active material or negative electrode material which concerns in the intercalation and deintercalation 
of light metal ions, the material mixture layer also contains a binder, an electrically conductive material and the like. In 
addition to the material mixture layer, the electrode may also have layers which do not contain active materials, such as 
a protective layer, an undercoating layer to be arranged on the current collector and an intermediate layer to be 
arranged between material mixture layers. Preferably, these layers having no active materials may contain electrically 

so conductive particles, insulating particles, binders and the like. 

The positive electrode active material to be used in the present invention may be a transition metal oxide which can 
reversely undergo intercalation and deintercalation of lithium, and a lithium-containing transition metal oxide is particu- 
larly preferred. Illustrative examples of these positive electrode active materials are disclosed, for example, in JP-A-61 - 
5262, US. Patent 4,302,518, JP-A-63-299056. JP-A- 1-294364, JP-B-4-30146 (the term \JP-B W as used herein means 

55 an "examined Japanese patent publication"), U.S. Patent 5.240,794, U.S. Patent 5. 1 53,081 . JP-A-4-328,258 and JP-A- ' 
5-54,889. 

Preferred examples of the lithium-containing transition metal oxide positive electrode active material to be used in 
the present invention include oxides of lithium-containing Ti, V, Cr, Mn, Fe, Co. Ni, Cu, Mo and W. Also, it may be mixed 
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^ i a anri ii A of the Deriodic table) and/or Al. Ga, In, Ge. Sn. 
Wlt h other alkali metals than lithium (elements dlh. from 0 t( £ 0 „„, % based on the transition metal. 

Pb. Sb. Bi. Si. P. B and the like. These may be m.xed » an mam ^ ^ ^ jn ^ present 

As a preferred lithium-containing transition metal 6 ^ ^ rati0 d lithium com- 

invention Jt is desiraWe to synthesize it * «£no£ ^^hert means at least one meta. selected from the 
pound/transition metal ^^^^Z^XZm^ total amounts becomes 0.3 to 2.2. 
group consisting of Ti, V. Cr. Mn. Fe. <****?^2^ positive electrode active material to be used in the 

As a more preferred Irthium-contammg trans, tion metd ' . ^ arnounts that the molar ratio of Wh.um 

prese^nven^ 

compoundrtransition metal I co^urxi (*e term txansrt^ ^ becomes 0 3 10 22 . 

o the group consisting of V. Cr. Mn. Fe Co and NO £ £^ ve rtive electrode active material to be used ,n me 

As the more preferred '* ium ^ rt f! n9 *^ meL selected from the group consisting* Co. Mn. 

present invention. U x QO y <Q transition metal may be mixed with Al. Ga In. Ge. 

, 5 Sn X^\hen^tp.efe^ 

used in the present invention include U x C0O2.u x niu2. x z s 

(n1 , 0 _ o 1 to 0.9. f = 0.9 to 0.98 and z = 2.01 to z.d). oositive electrode active material to be 

,0 targes of the most preferred lithium^ontain^g tran^on J^JJJJJ^ ^ u.Co^.A, (x = 0£2 
used ^present invention ind^eU^^^ 

» to 1Z 0-0.1 to 0.9.1 -°- 9te0 -*^V^£^bv thecharginga nd discharging. 

commencement of charging and discharging ^^SS^^SS^ which the lithium compound and transAon 
Thepos«vee.ectr(KJeactivernater^cBnbesyr^ ^ & ^ reactjon> of wnich the 

metal con^und are mixed and calcined to be employed in the present invent,on may be 

calcining method is particularly preferred. ^^^^bluMd in the present invention are decomposed and melted. 
2S tuch a degree that a portion of the mixed compounds t be 500 . c |n ^ practice of calcination, rt is 

25 an^be preferably from 250 ^^^^S^^l^ 1 to 72 ^ m " ^ 
desirable tocarry outpre-calcining at ^thod ora wet method. Inaddrtion. annealing may 

20hours.Mixingdthernater.alsmayb«<^edoute.tnerDy a y 

be carried out at 200 to 90Q°C after calcination. oxidizing atmosphere or a reducing 

atmosphere. Examples of such the atmosphere inauoes * « carbon dioxide or the like. 

oSogen. carbon monoxide, nitrogen, argon. ^J^JS*^. chemical intercalation of lithium ,nto 

°' Cnthepos ti vee,e^^^ 

a transition metal oxide may be effected preteraay oy 

3S the transition metal oxide. ^ electrode active material to be used in the present iwent0 "^ 6 

Though not particularly limited, the posrtwe electroae «J vdume d ^rfces having a particle size 

an averagVparticle size of preferably from 0. * » ^! f£3SrtW« having a particle size of 3 nm or less occu- 
?0 5 to 30 "m is 95% or more. It is ™*^J£EZ!!£ *5T« ***** ™* of from 1 5 nm to 25 um ocoup.es 
Dies 18% or less of the total volume and a group of nav^ng apa ^ area Qf f . 

• ?£o!Ldthetota^ 

has a pH value of 7 to 12.. . ^ mmonlv crushers and classifiers can be used. For fxarnpl 6 ; f 

aoueo« wlution. an alkaline aqueous solution.* ac Umaterials may be used in comb- 

so nation. For example, a material which shows oppose 

charaing can be used. J . , a ma , oria , wnicn expands at the time of discharging (at the time 

pXed examples of the positive electrode a ^^f a ^ tin Xwhium ton deirtercalation) include spinel 

. of.«h^ 

type lithium-containing rranganese oxrie* and g^^Ltafan) and expands at the time of charging HP i *t 
55 Xinks at the time of discharging (al ' ^^^^ oxides. The spine, type «W 
time of lithium ion deinterca.at.on) indu* ^*JJ^JJJ (0 * x * 2)l more preferably IJ^Mn^ (0 * x * 1). Pre 

nese ox«e has a structura. •^.J^SSSo^ <* <° " * 1) " 

f erred example of the lithium-containing cobalt oxne nas 
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The negative electrode material to be used in the present invention is a compound capable of intercalating and 
deintercalating light metal ions. Particularly preferred are light metals, light metal alloys, carbonaceous compounds, 
inorganic oxides, inorganic chalcogenides, metal complexes and organic high molecular compounds. These may be 
used alone or as a mixture thereof. Examples of such combination include a light metal with a carbonaceous com- 
5 pound, a light metal with an inorganic oxide and a light metal with a carbonaceous compound and an inorganic oxide. 
These negative electrode materials are desirable, because they provide high capacity, high discharge potential, high 
safety and high cycle characteristics. 

Lithium is desirable as the light metal. Examples of the light metal alloy include a metal which forms alloy with lith- 
ium and a lithium-containing alloy. Particularly preferred are Al. Al-Mn, Al-Mg, Al-Sn, Al-ln and Al-Cd. 
w The carbonaceous compound is a compound selected from the group consisting of natural graphite, artificial 
graphite, carbon obtained by vapor phase growth and carbon obtained by calcining an organic material, and particularly 
a compound having a graphite structure is desirable. In addition, the carbonaceous compound may contain other com- 
pounds than carbon, such as B. P. N, S, SiC and B 4 C. in an amount of 0 to 10% by weight 

As the elements which form oxides or chalcogenides. transition metals or metal and metalloid elements of the 
is groups 13 to 1 5 of the periodic table are desirable. 

As the transition metal compound, single or composite oxides of V. Tt, Fe, Mn, Co. Ni, Zn. W and Mo or chalcoge- 
nides are particularly desirable. A more preferred example is a compound represented by UpCOqV^Or (wherein p = 
0.1 to 2.5, q = 0 to 1 . r = 1 .3 to 4.5) disclosed in JP-A-6-44,972. 

The metal or metalloid compounds other than transition metals are selected from oxides of elements of the groups 
20 1 3 to 1 5 of the periodic table. Al. Ga, Si, Sn f Ge, Pb, Sb and Bi, alone or as a combination of two or more, and chalco- 
genides. 

Their preferred examples include Al 2 0 3 . Ga 2 0 3 , SiO, Si0 2 . GeO. Ge0 2 , SnO. Sn0 2 . SnSi0 3 . PbO. Pb0 2( Pb^, 
Pb 2 0 4 , Pb30 4 . Sb^. Sfc^O* St^Os. Bi 2 0 3 . Bi 2 0 4 , B^Os, SnSi0 3 , GeS. GeS* SnS. SnS^ PbS, PbS* Sb^, 
Sb2S 5 , SnSiS3 and the like. Also, these compounds may form composite oxides with lithium oxide, such as L^GeOs 
25 and Li 2 Sn0 2 . 

It is desirable that the aforementioned composite chalcogen compounds and composite oxides are mainly amor- 
phous at the time of assembling into a battery. The term "mainly amorphous" as used herein means that the compound 
has a broad scattering zone having a peak at 20° to 40° as the 26 value when measured by an X-ray diffraction method 
using CuKa rays, which may have crystalline diffraction lines. Preferably, the most strong strength among the crystalline 
30 diffraction lines found within 40° to 70° a&4he 26 value is 500 times or less of the diffraction strength of the peak of 20° 
to 40° as the 26 value of the broad scattering zone, more preferably 100 times or less and most preferably 5 times or 
less, but it is most particularly desirable that the compound does not have crystalline diffraction lines. 

The aforementioned composite chalcogen compounds and composite oxides are composite compounds compris- 
ing transition metals and elements of the groups 13 to 15 of the periodic table, and composite chalcogen compounds 
35 and composite oxides mainly comprising two or more elements selected from the group consisting of B, Al, Ga, In, Tl, 
Si, Ge, Sn. Pb, P. As. Sb and Bi are more desirable. 

Particularly preferred are composite oxides mainly comprising two or more elements selected from the group con- 
sisting of B. Al, Si. Ge, Sn and P. 

These composite chalcogen compounds and composite oxides may contain elements of the groups 1 to 3 of the 
40 periodic table or halogen elements, mainly for the purpose of modifying their amorphous structure. They may also con- 
tain transition metals. * 

Among the aforementioned negative electrode materials, amorphous composite oxides mainly comprising tin are 
preferred, which are represented by formula (1) or (2). 

45 SnM 1 a O t (1) 

In the above formula. M 1 represents two or more elements selected from the group consisting of Al, B, P, Si, Ge, 
elements of the groups 1 , 2 and 3 of the periodic table and halogen elements, a represents a number of 0.2 to 3, and t 
represents a number of 1 to 7. 

50 

SnJt.xM^Ot (2) 

In the above formula. T represents a transition metal such as V, Ti, Fe, Mn, Co, Ni, Zn, W and Mo, x represents a 
number of 0.1 to 0.9, and M 1 , a and t represent the same as defined in formula (1). 
55 Among the compounds of (1 ). compounds of formula (3) are more desirable. 



SnM 2 b O, 



(3) 
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In the above formula. M 2 represents. two or more elements selected from the group consisting of Al B P. Si. Ge 
elements of the groups 1. 2 and 3 of the periodic table and halogen elements, b represents a number of 0.2 to 3. and t 
represents a number of 1 to 7. ' 

Among compounds of (3). compounds of formula (4) are further desirable. 

SnM 3 c M 4 d O, W 

In the above formula M 3 represents at least one element selected from the group consisting of Al B P. Si anc I Ge. 
M 4 r P r^ least one element selected from the group consisting of the elements of the groups 1 2 and 3 c he 
perkSc table and halogen elements, c represents a number of 0.2 to 2. d represents a number of 0.01 to 1. where.n 

is particularly preferred. 

SnGe e M 5 ,M 4 g O t < 5 > 

In the above formula M 5 represents at least one element selected from the group consisting of Al. P B and Si. M 4 
reprls^^asTo^ dement selected from the group consisting of the elements of the groups 1 . 2 and 3 of the pen- 
Z ^a^en elements simi.ar to the case of formula (4). e represents a number of 0.001 to 1 . f represents a 
n, ,mh fi r nf n o to o a renresents a number of 0.01 to 1 , and t represents a number of 1 .3 to 7. 

me thod but the calcining method is more preferable. In the calcining method, .t .s des.rable to obtain the amorphous 
SSSSS^^^ the oxdes or compounds of elements described in formula (1 ) and then calcmng 

thec^cfnfn^ 

ne to 100 hours. Also, the temperature down rate is preferably with,n the range of from 2-C to 10 «C 

Z temperature rise ratio according to the present invention is an average rate of temperature nse of fram *>% 
of th™ Lining temperature (expressed by -Q" to "80% of the calcining temperature (express* byj^arc ^^ tem- 
perature down ratio according to the present invention is an average rate of temperature down of from 80% of the cal 
cinina temoerature (expressed by °C)"to "50% of the calcining temperature (expressed by C) . 

^eTroerature Sn may be effected by cooling the material in a calcining furnace or by once tak,ng the material 

outo?» S 

cds described in Ceramics Processing (page 217. 1987. edited by Gihodo . such as gun method • H"™£j£ 
Ii,^ T cmn mothnri « atomize method plasma spray method, centrifugal quenching method, melt drag method 

orated onXl72c5 New Glass Handbook (ed. by Maruzen. 1991). When a matena. which metis during , th , 
25^T?malrtl may be fed during the calcination while continuously taking out the calcined product, .n the 
» of a material whfc* melts during the calcination, it is desirable to str the melted £Uan l 

The calcinina aas atmosphere is preferably an atmosphere having an oxygen content of 5% by volume or less 
'mor^^Jfc^-mo^ ExaJnples of the inert gas include nitrogen, argon, helium, krypton, xenon 

am Ire pSSly. it is desirable that the average particle size is 0.7 to 25 urn art I that 60% or more 

^ US? desired partide size, commonly known crushers and classifiers can be used. Fbri«m£ « 

tall ITa Sand milll vfbrating ball mill, a satellite ball mill, a planetary ball mill, a sp.nn.ng a.r ftow jet m.ll. a 

iSEi orgarJc solvent, if necessary. In order to obtain a desired partde s«e. t • desirable to 
« o* TcSSon. The dassLtjon method fc not particuterly limited, and it can be made using a s.eve. an «r 
!J2 lite f necessary. The classification can be made by either adry method or a wet ™thotL ^ 
^a^l^e size means median diameter of primary particles and is measured by a teser d.ffract.on type 
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tion, an alkaline aqueous solution, an organic solvent or a water-containing organic solvent. 

Examples of the negative electrode material of the present invention are shown below, though the present invention 
is not restricted by these materials. 

SnAI0.4B0.5P0.5K0.lO3 .65. SnAI0.4B0.5P0.5Na0.2O37. SnAI 0 . 4 Bo.3Po.5 Rl >0.203.4. SnAI0.4B0.5P0.5CS0.1O3 65 . 

5 SnAlo. 4 B 0 .4Po.40 3 .2. SnAI0.3B0.5P0.2O27. SnAI03B0.5P0.2O27. SnAI0.4B0.5P0.3Ba0.08Mg008O3.26. 

SnAI0.4B0.4P0.4Ba0.0sO3.28. SnAl 0 . 4 Bo.5Po.503.6. SnAl 0 . 4 Bo.5Po.5 M go.i03.7. SnAI0.5B0.4P0.5Mg0.1P0.2O3.65. 

SnB 0 .5Po.5Lio.i M 9o.iPo.203.o5. SnB05P0.5K0.TMg005F0jO3.05. SnB05P0.5K0.05Mg0.1F0.2O3.03. 

SnB0.5P0.5K0.05M90.1P0.2O3.03. SnAlo4B 0 5Po.5Cso. 1 Mgo. l F 02 03 6 5 l SnB05P05CS005Mgo.05Po.1O3 .03. 

SnB0.5P0.5Mg0.1P0.1O3.05. SnB05P0.5Mg0jF0.2O3, SnBo.5Po.5Mgo.1Po.O6O3.07. SnB 05 Po5Mgo jFq 14 O 30 3. 
10 SnPBao.osO3.58. SnPKo.,0355, SnPK005Mgo.05O3.5s. SnPCso.1O3.55. SnPBa0.08P0.0sO3.54. SnPKo.1MgojFo.2O3.55. 

SnPK0.05Mg0.05P0.1O3.53, SnPCs 0l Mgo jF0.2O3.55. SnPCso.05Mgo.05Po.1O3.53. Sn, jAI04B0.2P0.6Ba0.08P0.0sO3.54. 

SnuAlo^Bo^Po.eLjo.iKo.iBaojFojOs.es, SnuAI04B0.4P0.4Bao.0sO3 .34. Sn 11 Alo 4 PCso.o50i.23. 

Snv1AI0.4PK0.05O4.23. Snv2AI0.5B0.3P0.4Cs0.2O3 5. Snv2Alo.4B02Po.6Bao.O8O3.68. Sn n 2AlojB0.2P0.6Ba0.08P0.08O3.04. 

S"i 2 A, o.4 B o.2Po.6Mgo.04 Ba o.o403. 6 8. Sn 1 2 M OA 5 o.z^o^^o.os^3.5a* Sn i 3 A, o.3Bo 3Po.4 Na o.2°3.3. 

*5 Sn, 3AI0.2B0.4P0.4Ca0.2O34. Snv3AI0.4B0.4P0.4Ba0.2O36. Snv4AI0.4PK0.2O4 e. Sn! 4Alo.2BaojPK 02 0 4 45, 

Snv4AIo.2Bao.2PKo.204.6. Snv4Alo4Bao.2PK02BaojFo.2O49, Snv4AI0.4PK0.3O4.65. Snv5AI0.2PK0.2O44. 

Snv5 A, o.4PKo.i0 4 . 6 5 t Snv5AI0.4PCs0.05O4.63. Snv5Alo.4PCso.05Mgo.1P02O4.63. SnGe 0 .ooiPo.iBojKo.50v65. 

SnGeo.o2Po.3Ko.iOv84. SnGe0.02P0.15B0.15K0.1O1 .69. SnGe0.05P0.3B0.4K0.1O25. SnGeo.05Po.8Ko.1O3 15. 

SnGe0.05P0.6B0.3Mg0.1K0.1O38! SnGeo.05Po.5Bo.5Cso.05K005O3.15. SnGe0jP0.9K0.1O3 5. 

20 SnGeojPo.7Bo.2Ko.iMgoj0 3 3, SnGeojPo.5B05Bao.05Ko.1O2> SnGe0jP0.5B0.5Pb0.05K0.1O23. 

SnGe0jP0.5B0.5Mg005K0.15O3.325. SnGeojPo.5Bo.5Mgo.2K005O3.425. SnGeojPo.5Bo.5Mgo.01O3.201. 

SnGe0jP0.5B0.5AI0.Q3Mg0jK0.1O3 425. SnGe0jP0.5Bo.5Mg0 iLJ0 iO3.35. SnSio.5AlojBo.2Po.lCao.4O3 j. 

SnSio.4Alo.2Bo.4O27. SnSio.5Al 0 .2Bo.iPo.iMgoj02. 8 . SnSi0.6AI0.2B0.2O28. SnSio.5AIo.380.4P02O3.55. 
SnSi0.5AI0.3B0.4P0.5O4.30. SnSi0.6AI0.1B0jP0.3O3.25. SnSio.6AlojBojP01Bao.2O2.95. SnSi0.6AI0jB0jP0jCa0.2O2.95, 
25 SnSio.6Alo.4Bo 5 Mgoj03^. SnSi0.6AI0jB0.3P0.1O3.05. SnSi 0 6 Al 0 . 2 Mg 0 2O2.7, SnSio.6AI02Cao.2O27. 
SnSi06AI0.2P0.2O3. SnSio.6B02Po.2O3. SnSi 08 AIo 2O2.9, SnSio.8Alo.3B02Po.2O3.85. SnSi 0 8B0.2O2.9. SnSio.sBao 2O2.8. 
SnSio.8Mgo^02.8« SnSioeCao^Og.s. SnSio.sPo^Os.i . Sn 0 gMn 0 3B0 4P0 j Cao. 1 Rbo. 1 02.95, 

Sno.9Feo.3Bo.4Po.4CaojRbojO2.95. Sn0.sPb0.2Ca0 j P0.9O3.35, Sno.9MnojMgojPo.9O3.35. Sno2Mn 0 8 MgojPo.903 35, 
Sno.7Pho.3Cao j P0.9O3.35 

30 Chemical structure of these compounds obtained by calcining can be calculated by an inductive coupling plasma 
(ICP) emission spectral analysis as a measuring method and from weight difference of powder before and after its cal- 
cining as a simplified method. 

Intercalating amount of a light metal into the negative electrode material of the present invention may be approxi- 
mate value of deposition potential of the light metal, for example, preferably 50 to 700 mol %. more preferably 100 to 

35 600 mol %. per negative electrode material. It is desirable that its detntercalating amount is larger than the intercalating 
amount. Intercalation of the light metal may be effected preferably by an electrochemical, chemical or thermal method. 
Preferably, the electrochemical method may be effected by electrochemically introducing a light metal contained in the 
positive electrode active material or by electrochemically introducing directly from a light metal or its alloy. In the chem- 
ical method, the negative electrode material is mixed and contacted with a light metal or allowed to react with an organic 

40 metal such as butyl lithium or the like. These electrochemical and chemical methods are desirable. Lithium or lithium 
ion is particularly desirable as said light metal. 

Various elements can be contained in the negative electrode material of the present invention. For example, it may 
contain lanthanoid metals (Hf, Ta. W, Re, Os, lr. Pt. Au and Hg) and dopants of various electric conductivity increasing 
compounds (for example, compounds of Sb. In and Nb). These compounds may be added in an amount of preferably 

45 from 0 to 5 mol %. 

The surface of the positive electrode active material or negative electrode material of oxide to be used in the 
present invention can be coated with oxides whose chemical formulae are different from the positive electrode active 
material or negative electrode material to be used. As such surface oxides, oxides containing a compound which dis- 
solves under both acidic and alkaline conditions are desirable. Metal oxides having high electronic conductivity are fur- 
so ther desirable. For example, it is desirable to include dopants (for example, metals having different valency, halogen 
elements and the like in the case of oxides) into Pb0 2 , Fe20 3 , Sn0 2 . ^03. ZnO and the like or oxides thereof. Partic- 
ularly preferred are S1O2. Sn0 2 , Fe20 3 , ZnO and PWV 

Amount of the surface-treated metal oxide is preferably from 0.1 to 10% by weight more preferably from 0.2 to 5% 
by weight most preferably from 0.3 to 3% by weight, based on said positive electrode active material or negative elec- 
55 trode material. 

In addtion to the above, the surface of the positive electrode active material or negative electrode material can be 
modified. For example, the surface of metal oxide may be treated with an esterificating agent a chelating agent, a con- 
ductive high polymer, a polyethylene oxide or the like. 
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Also the surface of the negative electrode material can be modified. For example, it can be treated by arranging a 
layer of an iori Conductive polymer or po.yacety.ene. .n addition, the positive e.ectrode active matena. or negative elec- 
trode materia, may be passed through a purification step such as water washmg. 

The electrode material mixture can contain an electrically conductive agent, a binder, a filler, a d.spers,ng agent, an 
ion conductive aaent a pressure reinforcing agent, and various other additives. 

Ve eSiSr C onductive agent is not particularly limited, provided that it is an electron conduce matena. which 
does^ot caSe^cal changes in the assembled battery. In general, natural graphite (flake graphrte. scale graphrte. 
«Sw nlanhrtP or T* like) artificial graphrte and the like graphites, acetylene black. Ketjen black, channel black, fur- 

SuSve Z n wpper nickel, aluminum, silver and the like metal powders, zinc oxide, potassium titanate and the like 
SSSS whiskers, titanium oxide and the like electrically conductive metal oxides o^yphenyle^ de™- 
a S S ^metel^Janic^ ically conductive materials are used alone or as a mixture thereof these conductive 
a^ente acetyl ne btei or combination use of graphite and acety.ene blackis particularly preferred. When a water^s- 
pS Sre Serial is prepared, it is desirable to disperse the electrically conductive agent .n water in actanca 
P ^TncZ^y^ed. the e.ectrica..y conducts agent may be added ,n an amount of P***^ ' 
to 5o7by weigh, more preferably from 1 to 30% by weight. In the case of carbon or graphrte. an amount of from 2 to 

15 \Ses of the^ thermopile resins and polymers having rubber elasticity, which 

Jt^^J^^*^ The preferred examples include starch, polyvinyl a.coho^rboxymethy.ce.- 
£ h?d™^ cellulose, diacetylcellulose. polyvinyl chloride, polyvinyl pyrroWone poly- 

e^ PcWene. po.ypropy.ene. ^ene^ropylene^^ 

wmmmmm 

ES^ElS^^ (PCTFE). vinylidene fluoride^entafluoropropylene > copolymer. 

C ^S.ert^tptticulari limited, provided that it is a fibrous material which does not cause chemical changes in 

bonate. diethyl carbonate, methy.ethy.c^nate. ■ 
, yethane. tetrahydrofuran. 2,^to^W,1^^ Jf^ ^ 

dioxolan. acetonitrile. nitromethane. ethylmonoglyme. ethyt ether. I* 
«ve.su.fo.an.3-methy^^ 

propanesultone and the like aprotic organic solvent, which may De useo aione o 
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of the anion of lithium salt which dissolves in these solvents include CI0 4 \ BF 4 \ PF 6 \ CF 3 S0 3 '. CF 3 C0 2 *, AsF 6 \ SbF 6 * 
, (CF 3 S0 2 ) 2 N', B 10 Clio 2 ', (1.2-dimethoxyethane) 2 CI0 4 \ lower aliphatic carboxylic acid ion, AICI 14 ", CI", Br*, I", anion of 
a chloroborane compound and tetraphenyl boric acid ion, which may be used alone or as a mixture of two or more. 
Among these, a cyclic carbonate and/or acyclic carbonate are particularly preferred. For example, it is desirable to 
include diethyl carbonate, dimethyl carbonate and methylethyl carbonate. Also, it is desirable to include ethylene car- 
bonate and propylene carbonate. In a preferred electrolyte. LiCF 3 S0 3 . LiCI0 4 , UBF 4 and/or LiPF 6 is included in an 
electrolytic solution prepared by mixing ethylene carbonate optionally with propylene carbonate. 1 .2-<jimethoxyethane, 
dimethyl carbonate or diethyl carbonate. As the supporting salt, UPF 6 is particularly preferred. 

Amount of these electrolytes to be added to the battery is not particularly limited and decided based on the amount 
of the positive electrode active material and negative electrode material and the size of battery. 

Though not particularly limited, concentration of the supporting electrolyte may be within the range of from 0.2 to 3 
mols per 1 liter of the electrolytic solution. 

The following solid electrolytes can be used in combination with the electrolytic solution. 

Solid electrolytes are divided into inorganic solid electrolytes and organic solid electrolytes. 

As the inorganic solid electrolytes, nitrides, halides and oxygen acid salts of Li are well known. Particularly pre- 
ferred among them are Li 3 N, Lil, Li 5 NI 2 . U 3 N-Lil-LiOH, U 4 Si0 4( Li 4 Si0 4 -Lil-LiOH, xLi 3 P0 4 -(1 - x)Li 4 Si0 4 . Li 2 Si0 3 . 
phosphorous sulfide compounds and the like. 

As the organic solid electrolyte, a polyethylene oxide derivative or a polymer containing said derivative, a polypro- 
pylene oxide derivative or a polymer containing said derivative, a polymer containing ion dissociation groups, a mixture 
of a polymer containing ion dissociation groups with the aforementioned aprotic electrolytic solution, a phosphoric acid 
ester polymer and a high molecular matrix material containing an aprotic polar solvent are useful. As an alternative 
method, polyacrylonitrile may be added to an electrolytic solution. Also known is a method in which inorganic and 
organic solid electrolytes are combination-used. 

Also, other compounds may be added to the electrolyte in order to improve discharging and charging/discharging 
characteristics. Examples of such compounds include pyridine, triethyi phosphite, triethanolamine, cyclic ether, ethyl- 
enediamine, n-glyme, hexaphosphoric triamkJe, nitrobenzene derivative, sulfur, quinone imine dye, N-substituted oxa- 
zolidinone and N.N'-substituted imidazolidinone, ethylene glycol dialkyl ether, quaternary ammonium salt, polyethylene 
glycol, pyrrole. 2-methoxyethanol. AICI 3 . monomer of electrically conductive polymer electrode active material, triethyl- 
enephosphoramide. triaikylphosphine. morpholine, aryl compound having carbonyl group, crown ethers such as 12- 
crown-4, hexamethylphosphoric triamide and 4-alkylmorpholine, bicydic tertially amine, oil, quaternary phosphonium 
salt, tertially sulfonium salt and the like. 

In order to obtain a noncombustible electrolytic solution, a halogen-containing solvent such as carbon tetrachloride, 
ethylene chloride trtfluoride or the like can be contained in the electrolytic solution. Also, carbon dioxide can be con- 
tained in the electrolytic solution, in order to give high temperature preservation capacity. 

In addition, an electrolytic solution or electrolyte can be contained in the mixture of positive and negative electrode 
materials. For example, a method is known in which the aforementioned ion conductive polymer or nitromethane or an 
electrolytic solution is contained. 

As the separator, an insulating microporous thin film having large ion permeability and desired mechanical strength 
is used. It is desirable that such a film has a function to block its pores at 80°C or more to increase resistance. From the 
viewpoint of organic solvent resistance and hydrophobic property, a sheet or nonwoven fabric prepared from an olefinic 
polymer such as polypropylene and/or polyethylene or glass ffeers is used. With regard to the pore size of separator, 
the generally used range of battery separator is used. For example, a range of from 0.01 to 10 ^m may be used. With 
regard to the thickness of separator, the generally used range of battery separator is used. For example, a range of from 
5 to 300 urn may be used. The separator may be produced by synthesizing a polymer and then making pores by a dry, 
drawing, solution or solvent removing method or by a combination thereof. 

As the current collector of electrode active material, any electron conductive material can be used, with the proviso 
that it does not cause chemical changes in the assembled battery. For example, stainless steel, nickel, aluminum, tita- 
nium, carbon or the like, as well as aluminum or stainless steel whose surface is treated with carbon, nickel, titanium or 
silver, is used as the material of the current collector in the positive electrode. Aluminum or an aluminum alloy is partic- 
ularly preferred. In the negative electrode, stainless steel, nickel, copper, titanium, aluminum, carbon or the like, as well 
as copper or stainless steel whose surface is treated with carbon, nickel, titanium or silver, or an Al-Cd alloy is used as 
the material of the current collector in the negative electrode. Of these materials, copper or a copper alloy is particularly 
preferred. The surface of these materials may be oxidized. It is desirable to make rough on the current collector surface 
by a surface treatment With regard to its shape, a foil, a film, a sheet a net, a punched body, a lath body, a porous body, 
a foamed body, a molded body of fibers and the like can be used. Though not particularly limited, it may have a thick-' 
ness of from 1 to 500 jim. 

The battery can be made into any shape such as a sheet shape, a cylindrical shape, a flat shape, an angular shape 
or the like. 
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The material mixture of the positive electrode active material or negative electrode material is ma.nly used by coat- 
ing it on a current collector and drying and compressing thereafter. The coating can be effected m the usual way. For 
example a reverse roll method, a direct roll method, a blade method, a knife method, an extrusion method a curtain 
method a gravure method, a bar method, a dip method and a squeeze method can be used. 01 these methods, the 
blade knife and extrusion methods are preferred. It is desirable that the coating is carried out at a rate of from 0.1 to 
100 m/minute In that case, excellent surface conditions of the coated layer can be obtained by selectmg tiie aforemen- 
tioned coating method in response to the physical solution properties and drying property of the matenal m.xture. The 
coating may be made on one side and then the other side or ontoth sides at the same time. Also, the coating may be 
carried out continuously, intermittently or in a stripe fashion. Though thickness, length and width of the coated layer are 
deckled depending on the size of battery, it is particularly desirable that the coated layer on one side has a th.ckness of 
from 1 to 2,000 nm under a compressed condition after drying. 

With regard to the drying or dehydration method of the sheet, generally used methods can be employed. It is par- 
ticularly desirable to use hot air. vacuum, infrared radiation, far infrared radiation, electron beam and low moisture air. 
^ESSSSon thereof. The temperature may be within the range of preferably from 80 to 350-C. more ^ 
erablv from 100 to 250"C. The water content is preferably 2,000 ppm or less in the whole battery, and. in the case of the 
positive electrode material mixture, negative electrode material mixture and electrolyte, it is desirable to control the 
Ster intent InThe positive and negative electrode materia, mixture respectively to 500 ppm or less from the viewpoint 

0,C V?es C s^g a d e me C sheet can be effected by generally used methods, and die press method and calender press 
method are particularly preferred. The pressure is not particularly limited, but a pressure of from 0.2 to 3 t/cm 2 is des.r- 
*. Pressing rate of the calender press method is preferably from 0.1 to 50 m/minute. The pressing tenperature ,s 
^rX from room temperature to 200-C. Ratio of the width of the negative electrode sheet to that of the posAve 
e ecS sheTt is pref eraSy 0.9 to 1 . 1 . A ratio of 0.95 to 1 .0 is particularly preferred. Ratio of the^content of the postve 
e ecfrode artve material to that of the negative electrode material cannot be defined because of the drfferences ,n the 
S d cor^rS and the mixture materia, formulations, but can be set to an optimum value by tak,ng the capaaty. 
cvcle characteristics and safety into consideration. 

After amLting said material mixture sheets via a separator, these sheets are co.led or folded and insert* into a 
case Te sTeete and the case are electrically connected, an electrolytic solution is injected therem and then a battery 
case is flmS ustng a sealing plate. In this case, an explosion-proof valve can be used as the seahng plate. In addition 
o m eSlosfon^ valve, conventionally various well-known safety elements may be attached to the battery cas* 
FoTex^t a fuse a bimetal, a PTC element or the like can be used as a overcurrent preventing element Also, in 
^£^^o^ ^.ve. a method in which a notch is made in the battery case, a method ,n which a crack 
fs Se n ne gaW a method in which a crack is made in the sealing plate can be employed as an inner pressure 
inc^ment cVunSmeasure. A!so. a protecting circuit in which an overcharge/werdischarge^coun^ermeasure is <nX* 
Z™™Z^M* in a battery charger or independently connected. In addKion. a method m which electnc curren 
K^TbSS-m in the battery interna, pressure may be employed as an overcharge countermeasur^n mat 
ase^lompound capable of increasing interna, pressure can be contained in the matena. mnrture or etecfrolyte. 
Examp^oX^a. pressure increasing compound inch* Li 2 C0 3 . LiHC0 3 . Na 2 C0 3 . NaHC0 3 . CaC0 3 , MgC0 3 

^ S^l^aving electric conductivity can be used in the case and lead plate. For example, iron, nickel, tta- 
nJ ^chrom^ ^SySenl to^er. aluminum and the like metals or alloys thereof can be used Weld.ng of thecal 
« s «* Sand* iTadpTate can bTeffected by well-known methods (for example, direct or alternate current electnc 
SSn? weWing). As the sea. p.ate sealing agent. aspha.t and the like convention- 
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pie rt is useful in electronic equipment such as notebook size color personal computers, note book 
T^^tTsdb-rM^ size personal computers, pen input personal compute ^pocket (palmtop) per- 
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described in the foregoing, and it is particularly desirable that Li x Co0 2 and Li x Mn 2 0 4 (wherein 0 5 x < i) as a positive 
electrode active material and acetylene black as a conductive agent are contained. The positive electrode current col- 
lector is prepared from stainless steel or aluminum and has a net. sheet, fail, lath or the like shape. As the negative elec- 
trode material, it is desirable to use at least one compound selected from the group consisting of lithium metal, a lithium 
alloy (Li-AI), a carbonaceous compound, an oxide (LiCoV0 4 . Sn0 2 . SnO. SiO. Ge0 2 . GeO, SnSi0 3 or 
SnSi 0 3 AI 0 .i B0.2P0.3O3.2). a sulfide (TiSg, SnS^ SnS, Ge^ or GeS) and the like. The negative electrode current collec- 
tor is prepared from stainless steel or copper and has a net. sheet foil, lath or the like shape. The material mixture to 
be used together with the positive electrode active material or negative electrode material may be mixed with acetylene 
black, graphite or the like carbon material as an electron conductive agent. As the binder, polyvinylidene fluoride, poly- 
fluoroethylene or the like fluorine-containing thermoplastic compound, acrylic acid-containing polymer, styrene butadi- 
ene rubber, ethylene propylene terpolymer and the like elastomers may be used alone or as a mixture thereof. As the 
electrolytic solution, it is desirable to use ethylene carbonate, diethyl carbonate, dimethyl carbonate and the like cyclic 
or acyclic carbonates or ethyl acetate and the like ester compounds in combination, using LiPF 6 as a supporting elec- 
trolyte and further mixing with LiBF 4 , UCF3SO3 and the like lithium salts. As the separator, it is desirable to use poly- 
propylene or polyethylene singly or in combination. The battery may have a cylindrical, flat or angular shape. It is 
desirable to equip the battery with a means to secure safety at the time of malfunction (for exarr^le, an internal pressure 
releasing type explosion-proof valve, a current blocking type safety valve or a separator which increases resistant at a 
high temperature). 

Brief Description of the Drawings 

Fig. 1 is an illustration showing a negative electrode sheet pressed with lithium foil, which is used in Example 1. 
Fig. 2 is a longitudinal sectional view of a general cylinder type battery. 

Fig. 3 is an illustration showing an example of the adhesion of U foil pieces on the negative electrode sheet. Best 
Mode of carrying out the Invention 

The following describes the present invention further in detail with reference to illustrative examples, but the present 
invention is not restricted by these examples without overstepping the gist of the invention. 

Example 1 

Synthesis of negative electrode material-a: 

An 80.8 g of SnO was dry-Wended with 30 g of Si0 2 . 5.1 g of Al 2 0 3 . 10.4 g of B 2 0 3 and 41 .4 g of Sn 2 P 2 0 7 . and 
the mixture was put into an aluminum crucible and heated to 1.000°C at a rate of l5°C/minute in an atmosphere of 
argon. After calcined at 1.000°C for 12 hours, it was cooled down to room temperature at a rate of 10°C/minute and 
taken out from the calcining furnace to obtain a glassy compound. Said compound was roughly pulverized using a jaw 
crusher to obtain a roughly pulverized material having an average particle size of 80 pm. The thus roughly pulverized 
material was subjected to dry pulverization at room temperature using a spinning air flow type jet mill and then to clas- 
sification by a cyclone, thereby obtaining a negative electrode material-a having an average particle size of 5.3 *im. 

When the thus obtained compound was analyzed by an X-ray diffraction method (Cu-Ka rays), crystal-specific 
peaks were not found. As a result, it is confirmed that it was an amorphous compound. 

Also, measurement of the atomic composition of the thus synthesized compound by an inductive coupling plasma 
emission spectral analysis confirmed that it was synthesized with the intended atomic composition ratio. 

Synthesis of negative electrode material-b: 

A 13.5 g of tin monoxide was dry-Wended with 6.0 g of silicon dioxide using a ball mill. Next, the mixture was put 
into an aluminum cruciWe, heated to 1,000°C at a rate of l5°C/minute in an atmosphere of argon and then, after 12 
hours of calcining at 1.000°C. cooled down to room temperature at a rate of l0°C/minute in an atmosphere of argon to 
obtain a glassy compound. Said compound was roughly pulverized using a jaw crusher to obtain a roughly pulverized 
material having an average particle size of 80 jim. Thereafter, a negative electrode material-b having an average parti- 
cle size of 5.5 pm was obtained in the same manner as the case of the negative electrode material-a. It was confirmed 
by the same techniques of the case of the negative electrode material-a that said negative electrode material-b was 
amorphous and synthesized with the intended atomic composition ratio. 

Negative electrode materiaJ-c: 

A commercially availaWe petroleum coke (PC-R, manufactured by Nippon Petroleum) was used as a carbonaceous 
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negative electrode material. 



Negative electrode material-d: 

A commercially available silicon dioxide (silicic anhydride, manufactured by Wako Pure Chemical Industries) was 
used as a negative electrode material mainly comprising silicon. 

The positive electrode active material used herein is a commercial product of LiCo0 2 . 
Electrolytic solutions of the following compositions were used in this example. 
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EC 


DEC 


BC 


PC 


UPF 6 


UBF 4 


(1) 


2 


8 


0 


0 


1 M 


0 


(2) 


2 


8 


0 


0 


0 95 M 


0.05 M 


(3) 


5 


5 


0 


0 


1 M 


0 


(4) 


2 


6 


2 


0 


1 M 


0 


(5) 


2 


6 


0 


2 


1 M 


0 


(6) 


2 


6 


0 


2 


0.95 M 


0.05 M 



EC: ethylene carbonate 
DEC: diethyl carbonate 
BC: butyl ene carbonate 
PC : propylene carbonate 

Each number represents volume ratio and M represents mol/liter. 



A lithium foil of 200 urn in thickness and 39 mm in width was purchased and used by cutting it to a predetermined 
length. 

Preparation of Positive electrode sheet 

As the positive electrode active material. LiCo0 2 . acetylene black, polytetraf luoroethyfene and sodium 
were m*ed at a ratio of 92:4:3:1 and kneaded using water as a medium, and the thus obta.ned slurry was coated on 
boi s^efofan aluminum foil (support) current collector having a thickness of 20 ,m. The thus coated matenal was 
S arJtSen subjected to common molding using a lender press, thereby obtaining str.p-shaped pos.We 
e heet. A lead plate was attached to a termina. of the pos*ve electrode sheet by * en the 

sheet was subjected to heat treatment for 30 minutes at 210°C in dry a.r havmg a dew po,nt of -40 C or less. 

40 Preparation of sheets of the present invention 
Negative electrode sheet: 

Each of various negatrve electrode materials prepared in accordance wrthth 
black, graphite, polyvinylidene fluoride and carboxymethylcellulose were m.xed at a ratio of 84|8A1 and I leaded 
usS water as a medium to obtain a slurry. The thus obtained slurry was coated on both s.des of a copper foil having 
S£ o isXsin i a doctor Hade coater. dried and then subjected to compression moldrng us.ng a calender 
preTan?a°eid pi was attaS* to a terminal of the resuming sheet by spot weWing. In this case, an uncc** ^ 
SL^i 4 cm i7wi^ was arranged on rts outermost peripheral. Thereafter, the sheet was subjected to heat treatment 
£ 30 minis at^o"? in TyThaving a dew point* -40'C or less, thereby obtaining a strip-shaped negative dec- 

drtions of the negative electrode sheet obtained in this manner are shown .n *LLi J-JsaS 

perlheral of ^negative electrode, "b" is a portion coated with the negative electrode matenal and c .s a porfcon 
pressed with a metallic lithium foil. 



55 



Preparation of sheet for comparison use (s-1): 

A negative sheet was prepared in the same manner as the case of the sheet of the present invention, except that 
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the metallic lithium foil was not pressed. 
Preparation of sheet for comparison use (s-3): 

s Petroleum coak, acetylene black, polyvinylidene fluoride and carboxymethylcellulose were mixed at a ratio of 

92:3:4:1 and kneaded using water as a medium to obtain a slurry. The thus obtained slurry was coated on both sides 
of a copper foil having a thickness of 18 using a doctor blade coater, dried and then subjected to compression mold- 
ing using a calender press, and a lead plate was attached to a terminal of the resulting sheet by spot welding. In this 
case, an uncoated portion of 4 cm in width was arranged on its outermost peripheral. Thereafter, the sheet was sub- 
to jected to heat treatment for 30 minutes at 21 0°C in dry air having a dew point of -40°C or less, thereby obtaining a strip- 
shaped negative electrode sheet In this case, a lithium foil cut to 0.6 cm in width was pressed on the uncoated portion 
(copper foil portion) of the thus obtained sheet using a roller. 

Sheet for comparison use (s-4): 

15 

A negative sheet was prepared in the same manner as the case of the sheet for comparison use (s-3). except that 
the metallic lithium foil was not pressed. 

After laminating the prepared positive electrode sheet, a separator made of a micro-porous polypropylene film in 
that order, they were coiled in a spiral form. In this case, they were coiled in such a way that the side on which the metal- 

20 lie lithium foil was pressed faced central part of the coiled group The coiled group was put into a bottomed cylinder type 
battery case, which also serves as a negative electrode terminal, made of iron which has been plated with nickel. 2 cc 
of the aforementioned electrolytic solution was injected into the battery case. A battery cover having a positive electrode 
terminal was cramped via a gasket 6 to produce a cylinder type battery. In this case, the positive electrode terminal was 
connected with the positive electrode sheet, and the battery case with the negative electrode sheet, in advance using 

25 lead terminals. A sectional view of the cylinder type battery is shown in Fig. 2. In this drawing, 7 represents an explo- 
sion-proof valve. The battery was then allowed to stand for 7 days at 40°C to carry out the following performance eval- 
uation. 

The thus prepared battery was subjected to one cycle of charging and discharging at a charging final voltage of 
4.15 V, a discharging final voltage of 2.8 V and a current density of 1 mA/cm 2 . Ratio of the charging capacity to the dis- 

30 charging capacity was used as a Coulomb efficiency. Thereafter, charging and discharging was repeated 5 cycles at a 
charging final voltage of 4. 15 V, a discharging final voltage of 2.8 V and a current density of 3.5 mA/cm 2 . and then the 
discharging capacity was measured as a value when charged to a charging final voltage of 4.15 V at a current density 
of 3.5 mA/cm 2 and then discharged to a discharging final voltage of 2.8 V at a current density of 07 mA/cm 2 . The cycle 
test was evaluated at a charging final voltage of 4.15 V, a discharging final voltage of 2 8 V and a current density of 3.5 

35 mA/cm 2 . In this case, the cycle test was started from charging. The cycle characteristics were expressed as the number 
of cycles when the discharging capacity reached 70% of the first discharging. The results are shown in Tables 1 to 3. 
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Table 1 



5 


No. 


Negative 
material' 1 


Ratio '2 


Elec. soln'3 


Coulomb 
eff.*4 


Capacity 
(Wh) 


Cycle *5 






1 


c (s-4) 


1.45 


(1) 


0.80 


1.21 


<£<£U 






2 


c (s-4) 


1.45 


(3) 


0.81 


1.22 


O A A 

240 






3 


c (s-3) 


1.16 


(1) 


0.98 


1.34 - 


210 


O.b. 


10 


4 


c (s-3) 


1.16 


(3) 


0.99 


1.35 


AAA 

220 


p c 




5 


a(s-l) 


5.7 


0) 


0.55 


2.20 


384 


o.fc. 




6 


a(s-i) 


5.7 


(2) 


0.57 


2.25 


coo 

522 


U.b. 


ID 


7 


a is-ij 


S 7 

v. f 


(3) 


0.54 


2.18 


403 


C.E. 




8 


a(s-l) 


5.7 


(4) 


0.55 


2.20 


382 


C.E. 




9 


a(s-l) 


5.7 


(5) 


0.55 


2.20 


567 


CE. 


20 


10 


a(s-i) 


5.7 


(6) 


0.56 


2.23 


544 


C.E. 


11 


b(s-l) 


5.7 


(D 


0.56 


2.30 


256 


C.E. 




12 


b(s-i) 


5.7 


(2) 


0.56 


2.30 


331 


C.E. 



C.E.: comparative example 

Nos. 1 and 2: Amount of UCo0 2 facing negative electrode is 3.36 g, amount of carbon faang positive 



Nos. 3 and 4: Amount of UCo0 2 facing negative electrode is 2.86 g, amount of carbon facing positive electrode i: 
2.46 g t lithium foil cut to 0.7 cm is pressed. 

Nos. 5 to 16: Negative electrode material contained in unit battery is 1 .36 g, and that of LiCo0 2 is 7.75 g. 

*1 : negative electrode material used. 

*2: weight ratio of positive electrode active material to negative etectrode material. 
*3; electrolytic solution, 
'4: Coulomb efficiency. 
*5: cycle characteristics. 
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Table 2 



5 


NO. 


Negative mate- 
rial* 1 


Ratio *2 


Elec. soln"3 


Coulomb eff.*4 


Capacity (Wh) 


Cycle *5 






13 


b (s-1) 


5.7 


(3) 


0.56 


2.30 


267 


C.E. 




14 


b (s- 1 ) 


5.7 


(4) 


0.54 


2.28 


243 


C.E. 


10 


15 


b (s-1) 


5.7 


(5) 


0.56 


2.32 


268 


C.E. 


16 


b (s-1) 


5.7 


(6) 


0.55 


2.30 


241 


C.E. 




17 


a (s-1) 


3.1 


0) 


0.42 


1.59 


226 


C.E. 




18 


a (s-1) 


3.1 




0.41 


1.57 


226 


C.E. 


15 


1 Q 


a \s~ i; 


O. I 


(3) 


0.42 


1.59 


211 


C.E. 




20 


a (s-1) 


3.1 


w 


0.43 


1.60 


217 


C.E. 




21 


a (s-1) 


3.1 


(5) 


0.42 


1.59 


190 


C.E. 


20 


22 


a (s-1) 


3.1 


(6) 


0.41 


1.57 


201 


C.E. 




23 


b(s-l) 


3.1 


(D 


0.43 


1.67 


106 


C.E. 




24 


b(s-i) 


3.1 


(2) 


0.41 


1.65 


98 


C.E. 


25 


Nos. 1 7 to 40: Negative electrode material contained in unit battery is 1.9 g, and that of UCo0 2 is 5.9 g. 
Nos. 29 to 40: Lithium foil cut to 4.0 cm was pressed on negative electrode collector sheet. 



'1 to "5 and C.E.: see Table 1 
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Table 3 



No. 


Negative 
material* 1 


Ratio '2 


tiec. som o 


eff/4 


(Wh) 


Cycle *5 




25 


b(s-1) 


3.1 


(3) 


0.42 


1.66 


85 


C.E. 


26 


b(s-1) 


3.1 


(4) 


0.42 


1.66 


73 


C.E. 


27 


b(s-i) 


3.1 


(5) 


0.41 


1.65 


102 


C.E. 


28 


b(s-l) 


3.1 


' (6) 


0.42 


1.66 


86 


C.E. 


29 


a 


3.1 


0) 


0.95 


3.01 


620 


I.E. 


30 


a 


3.1 


(2) 


0.98 


3.03 


667 


I.E. 


31 


a 


3.1 


(3) 


0.96 


3.02 


640 


I.E. 


32 


a 


3.1 


(4) 


0.94 


2.98 


604 


I.E. 


33 


a 


3.1 


(5) 


0.98 


2.97 


692 


I.E. 




a 


3.1 


(6) 


0.97 


3.01 


630 


I.E. 


35 


b 


3.1 


(1) 


0.96 


3.10 


324 


I.E. 


36 


b 


3.1 


(2) 


0.94 


3.09 


302 


I.E... 


37 


b 


3.1 


(3) 


0.96 


3.11 


306 ' 


I.E. 


38 


b 


3.1 


(4) 


0.96 


3.11 


319 


I.E. 


39 


b 


3.1 


(5) 


0.94 


3.09 


310 


I.E. 


40 


b 


3.1 


(6) 


0.96 


3.11 


321 


I.E. 



I.E.: inventive example . 

No 41 Amount of LiCo0 2 facing negative electrode is 1 .36 g, silicon dioxide facing posrtrve electrode is 3.02 g. 

Nos. 42 and 43: Amount of LiCo0 2 facing negative electrode is 0.82 g. silicon dioxide facing positive electrode « 

3. 1 5 g, lithium foil cut to 6 mm is pressed. ■ 

•1 to - 5. and C.E.: see Table 1 . 



When a carbonaceous negative electrode material was used, a battery having well-balanced cycle charactenstcs. 
capacity and the like was obtained by using 1 .45 times of the positive electrode active material based on the negative 
electrode material. In this case, the capacity was around 1 .2 Wh as shown in Table 1. but improvement of the capactty 

bythet<W'ngo' li W umtol was ^ _ u M K ■ _ 4 

WherT the negative eledrode material "a" or "b" is used without applying metallic Irthium tod. a battery having most 
improved balance of cyclic characteristics with capacity can be obtained by using LiCo0 2 of the positive electrode 
arive materia, in an amount of 5.7 times (by weight) of said negative aedrode ^ w ^^°^^^^* 
is higher than the case of carbonaceous negative electrode material by a factor of 1 .0 Wh. but the Coulomb efficiency 
is around 0.55 which means that about half of the added LiCo0 2 is consumed by side reactwns of the negative elec- 
trode material (Nos. 5 to 16 in Table 2). However, in the batteries of the present invention .n which metaHic 
was pressed on the negative electrode sheet in such an amount that Coulomb efficiency became around 1 .0. ratoof 
2 pE TeSode 3* materia, to the negate electrode materia, was able to be reduced to 3. 1 as shown in I ^ 
29 1?40 of Table 3. As the results, it was able to introduce various negative electrode matenate into batter.es. and the 
was^roved to a surprisingly high level of 36% (about 1 .0 Wh). More surprisingly, the cycle performance was 

seTtoTl without applying metallic lithium foil, the capacity was reduced to 28% and the cycle performance was also 

deteriorated as shown in Nos. 13 to 24 of Table 1 . rtr 

£^325765 discloses use of lithium or a lithium alloy in a system in which a .ith.um-conta.ning <^ °»*>« 
silicic acid sari is used as the negative electrode material. Its specification discloses a method .n which lith.um fad 
int^^cS *e lam* size of a pe..etized negative electrode materia, is directly pressed on the materia, in a 
wrth this method, a cylinder type battery in which sHfcon dioxide was 
STeXtrode material was prepared, by pressing lithium foil directly on the coated portion of the negatrve electrode 
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material, and the battery performance was evaluated. Another battery in which lithium foil was pressed on an uncoated 
portion of the outermost peripheral of the negative electrode material was prepared in the same manner of the present 
invention and evaluated in the same manner. As the results, the capacity when silicon dioxide was used as the negative 
electrode material was 0.41 Wh as shown in No. 41 of Table 3. When pressed on the current collector metal similar to 
5 the case of the present invention, the capacity improved by the introduction of lithium foil was merely 0.03 Wh at the 
maximum as shown in No. 42 of Table 3. Capacity improving effect was not found when lithium foil was directly pressed 
on the negative electrode material." 

Example 2 

w 

Negative electrode material: 

The negative electrode materials "a" and "b" described in Example 1 were used. 

is Preparation of positive electrode sheet 

Prepared in the same manner as described in Example 1. In this case, weight of IJC0O2 on the positive electrode 
sheet was 5.9 g. 

20 Preparation of negative electrode sheet 

Each of various negative electrode materials prepared in accordance with the aforementioned method, acetylene 
black, graphite, polyvinylidene fluoride and carboxymethylcellulose were mixed at a ratio of 84:3:8:4:1 and kneaded 
using water as a medium to obtain a slurry. 

25 The thus obtained slurry was coated on both sides of a copper foil having a thickness of 1 8 \xm using a doctor blade 
coater, dried and then subjected to compression molding using a calender press, the resulting sheet was slit into a strip 
of 41 mm in width and 300 mm in length, and a lead plate was attached to a terminal of the negative electrode sheet by 
spot welding. Thereafter, the sheet was subjected to heat treatment for 30 minutes at 210°C in dry air having a dew 
point of -40°C or less, thereby obtaining a strip-shaped negative electrode sheet Weight of the negative electrode 

30 material on the negative electrode sheet was 1 .9 g. A lithium foil having a thickness of 40 was cut to four pieces 
each having 9 mm in width and 22 cm in length (correspond to 13.7 g/m 2 of negative electrode sheet), and two of them 
were pressed on each side of the negative electrode sheet using a roller. 

Preparation of sheet for comparison use - 1 : 

35 

A negative electrode sheet was prepared in the same manner as the case of the sheet of the present invention, 
except that the metallic lithium foil was not pressed. 

Preparation of sheet for comparison use - 2: 

40 

A negative electrode sheet was prepared in the same manner as the case of the present invention, except that a 
lithium foil having a thickness of 100 ^im was cut to four pieces each having 9 mm in width and 22 cm in length (corre- 
spond to 34.3 g/m 2 of negative electrode sheet), and two of them were pressed on each side of the negative electrode 
sheet using a roller. 

45 

Preparation of sheet for comparison use - 3: 

When a nonaqueous secondary battery is produced using the negative electrode material "a" or V and the posi- 
tive electrode active material UC0O2, the ratio "positive electrode active material/negative electrode material" (to be 
so referred to as "C/A" hereinafter) exerts great influence upon the balance of cycle characteristics with capacity. When 
metallic lithium foil is used in the aforementioned amount. C/A « 3.1 is desirable, but when metallic lithium foil is not 
used. C/A = 5.7 rather than C/A * 3.1 is effective in obtaining a battery having most balanced cycle characteristics and 
capacity. 

In order to correctly evaluate cycle characteristics and capacity of a nonaqueous secondary battery produced using 
55 the negative electrode material "a" or "b N and the positive electrode active material LiCo0 2 , but not using metallic lithium 
foil, the aforementioned electrode sheet was adjusted to such a length that the negative electrode material and the pos- 
itive electrode active material UCo0 2 became 1.36 g and 7.75 g. respectively, thereby obtaining a ratio of C/A = 5.7. 
Next a battery was prepared in the same manner as described in Example 1 . 



J 
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is 



The thus prepared battery was subjected to one cyde of charging and discharging at a charging final voltage of 
4 15 V. a discharging final voltage of 2.8 V and a current density of 1 mA/cm 2 . Ratio of the charging capacity to the dis- 
charging capacity was used as a Coulomb efficiency. Thereafter, charging and discharging was repeated 5 cycles at a 
charging final voltage of 4.15 V, a discharging final voltage of 2.8 V and a current density of 3.5 mA/cm . and then the 
discharging capacity was measured as a value when charged to a charging final voltage of 4.15 V at a current density 
of 3 5 mA/cm 2 and then discharged to a discharging final voltage of 2.8 V at a current density of 0.7 mA/cm . The cycle 
test was evaluated at a charging final voftage of 4.15 V, a discharging final voltage of 2.8 V and a current dens.ty of 3.5 
mA/cm 2 In this case, the cyde test was started from charging. The cycle characteristics were expressed as the number 
of cydes when the discharging capacity reached 70% of the first discharging. The results are shown in Table 4. As is 
apparent from the results shown in table 4. Nos. 1 and 2 in which 13.7 g/m 2 of lithium was pre-intercalated into the neg- 
ative electrode sheet are greatly superior in cycle characteristics to Nos. 3 and 4 in which 34.3 g/m z of lithium was pre- 
intercalated into the negative electrode sheet. In addition, they are excellent in Coulomb efficiency, capacity and cycle 
characteristics which are the basic performance as a practical battery, in comparison with the batteries in which lithium 
was not pre-intercalated into the negative electrode sheet, namely not only Nos. 5 and 6 which have the same construc- 
tion but also Nos. 7 and 8 which are batteries having an optimized C/A ratio of 5.7 taking balance of cycle characteristics 
with capacity into consideration. 



Table 4 



20 


No. 


Negative elec/1 


Li 2 (g/m 2 ) 


C/A 


Coulomb (%) *3 


Capacity (Wh) 


Cycle (time)*4 


Remarks *5 




1 


a 


13.7 


3.1 


0.98 


2.97 


567 


I.E. 




2 


b 






0.94 


2.87 


518 






3 


a 


34.3 




0.83 


2.44 


158 


C.E. 


25 


4 


b 






0.84 


2.31 


98 






5 


a 






0.43 


1.41 


284 






6 


b 






041 


1.36 


258 




30 


7 


a 




5.7 


0.57 


2.10 


39 






8 


b 






0.56 


2.30 


328 





35 



'1 : negative electrode material, 

2: amount of pre-intercalated lithium. 
'3: Coulomb efficiency. 

4: cycle characteristics. 

'5: I.E.. inventive example; C.E.. comparative example 



40 



45 



Example 3 



50 



A total of 25 U foil pieces, each having a thickness of 40 urn, a width of 3.9 mm and a length of 41 mm were 
arranoed on each side of the same negative electrode sheet of Example 2 at regular intervals in a stnpe shape (Fig^3 
(b ) £^ them vS a roller (corresponding to 13.8 g/m* per negate electrc^ sheet)^ me 

Ktained native elertrode sheet, batteries were prepared in the same manner as <^^ ,n n l x ^ 
allied to standi? 40-C for 2 days to evaluate their performance in the same manner as described ,n Example 1 ^As 
^etuteTwas revealed that the batteries of Nos. 9 and 10 shown in Table 5 have wnor ^ 0 ^ c ' e ^ 
ZS^c^ characteristics in comparison with the comparative examples 7 and 8 shown m Table 4 wh,ch have 
the same construction. 
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Table 5 



No. 


Negative elec.'i 


U '2 (g/m 2 ) 


C/A 


Coulomb (%) '3 


Capacity (Wh) 


Cycle (time)*4 


Remarks '5 


9 


a 


13.8 


3.1 


0.98 


3.02 


601 


I.E. 


10 


b 






0.95 


2.93 


557 





*1: negative electrode material, 
*2: amount of pre-intercalated lithium, 
*3: Coulomb efficiency, 
*4: cycle characteristics, 

*5: I.E., inventive example; C.E., comparative example 



is Example 4 

Through a polyethylene terephthalate (PET) sheet of 50 urn in thickness were bored rectangular holes of 4 mm x 
10 mm, 5 holes within 40 mm in cross direction and 20 holes over 22 cm in longitudinal direction, 100 holes in total. 
Next, the thus prepared sheet was interposed between the same negative electrode sheet of Exarrple 1 and a U foil of 
20 40 urn in thickness and compressed strongly with a roller to effect pressing of the Li foil on portions of the negative elec- 
trode sheet corresponding to the holes bored through PET (corresponding to 13.8 g/m 2 per negative electrode sheet). 
The thus prepared batteries 1 1 and 1 2 and 1 3 and 1 4 were allowed to stand at 40°C for 2 days and at 40°C for 1 5 days, 
respectively, to carry out performance evaluation in the same manner as described in Example 1 . As the results, it was 
confirmed that these batteries 1 1 to 14 as shown in Table 6 have superior Coulomb efficiency, capacity and cycle char- 
ts acteristics in comparison with the comparative examples 7 and 8 which have the same construction. 



Table 6 



No. 


Negative elec.'i 


U '2 (g/m 2 ) 


C/A 


Coulomb (%) *3 


Capacity (Wh) 


Cycle (time)*4 


Remarks *5 


11 


a 


13.8 


3.1 


0.97 


2.98 


590 


I.E. 


12 


b 






0.94 


2.90 


544 




13 


a 






0.98 


3.00 


590 




14 


b 






0.95 


2.93 


545 





' 1 negative electrode material. 
'2: amount of pre-intercalated lithium. 
*3: Coulomb efficiency. 
*4: cycle characteristics. 

*5: I.E., inventive example; C.E.. comparative example 



Example 5 

45 A negative electrode sheet was prepared by calcining Sn 0 A P 0 5 B Q 5 AI 0 5 Ko A Mg Q ^Gen.^ A in the same manner 
as described in Example 2. To this was adhered Li foil in the same manner as described in Example 2. As the results, 
they showed excellent Coulomb efficiency, capacity and cycle characteristics similar to the case of Example 3. 

For the sake of comparison, petroleum coke, acetylene black, polyvinylidene fluoride and carboxymethyicellulose 
were mixed at a weight ratio of 92:3:4:1 and kneaded using water as the medium, and the resulting slurry was subjected 

so to the same procedure of Example 2 to prepare a carbon negative electrode sheet and to obtain a battery. When 
amounts of the positive electrode active material and negative electrode material were optimized in this system, the 
capacity was 1 .21 Wh and the room temperature cycle characteristic was 220. When pressing of U foil as a technique 
of the present invention was applied to the carbon negative electrode sheet, increase in the capacity was only 0.1 Wh, 
and improvement in the cycle characteristics was not found. 
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Example 6 



15 



(Synthesis Example) 

A 1 3 5 g portion of tin monoxide was dry-blended with 3.6 g of silicon dioxide. 0.64 g of magnesium oxide > and 1 0*9 
a of boron oxSe and the mixture was put into an aluminum crucible and heated to 1 .000'C at a rate of 15°C/m in tf e ,n 
I aS e oi aTgon After ,o hou* of calcining at L200-C, this was cooled down to room temperature a a r ^oi 
iSSTnute taken out from the furnace, roughly pulverized and then pulverized us.ng a ,et mrfl to obta,n 
SnS? Z 2 , £ 7 (Compound 1 -A) having an average particle size of 4.5 urn. When analyzed by an X-ray drffrac- 
£ > S^c£aZ. it was found L this compound has a broad peak wrth the highest peak at 28- as the 
M value But with no crystalline diffraction lines within 40- to 70- as the 20 value. 

ie s" eT^e was repeated to obtain the tallowing compounds b, m»i^ respwv. rnaler,.ls » stoof o- 
m et* anCts and calcining and pulverising the rrdxn.es. SnSi 0? r^^. e (1-B) Sn^o^O,., O-C). 



20 trode a. 



Neoative electrodes b-1 to b-7 having auxiliary layers were obtained by mixing electrically conductive > ^cles and 
became 10 nm. subjected to compression molding using a calender 

^lach"^ *£ned negative decode sheas was eou^ed wit. a ^"^^^.Ip^efoi 
thus Beated ^f*^?^^*^, „ uoo, was mi,ed with 6% by weigh, of scale-torm graphite. 

^"e elecodes b-t „ b-7 having au*. layejs were p~P»ed Jj^ -J^SS 

conductive particles and the like having composrsons shown « TaWe_ I on the ^cm. 



50 
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Table 7 



(Compositions of auxiliary and protective layers) 




Mixing ratio of solid component (wt %) 




b-1 


b-2 


b-3 


b-4 


b-5 


b-6 


b-7 


Conductive particles 
















scale graphite 3.5 u.m 


2 


0 


0 


2 


20 


20 


35 


acetylene black 0.2 u.m 


0 


2 


0 


0 


0 


0 


0 


nickel powder 2.0 jim 


0 


0 


2 


0 


0 


0 


0 


a-Alumina 


87 


87 


87 


0 


78 


0 


63 


Zirconia 


0 


0 


0 


87 


0 


78 


0 


Polyvinylidene fluoride 


9 


9 


9 


9 


0 


0 


0 


Carboxymethylcellulose 


2 


2 


2 


2 


2 


2 


2 


Total 


100 


100 


100 


100 


100 


100 


100 



The aforementioned negative electrode sheets and positive electrode sheets were combined as shown in Table 2 
to prepare a Battery A (comparative) and Batteries B (invention). 

Ten batteries were prepared for each of the Battery A (comparative) and Batteries B-1 to B-6 (invention), charged 
to 4.15 V at 1 mA/cm 2 and then stored at 60°C for 3 weeks. After 3 weeks of the storage, open circuit voltage of each 
battery was measured, with the results shown in Table 8. 



Table 8 



Battery type 


Negative sheet *1 


Positive sheet # 2 


Open voltage *3 


Voltage fluctuation # 4 


A (comparison) 


a 


a 


0.87 V 


0.41 


B-1 (invention) 


b-1 


b-1 


4.13 


0.01 


B-2 (invention) 


b-2 


b-2 


4.12 


0.01 


B-3 (invention) 


b-3 


b-3 


4.12 


0.01 


B-4 (invention) 


b-4 


b-4 


4.11 


0.01 


B-5 (invention) 


b-5 


b-5 


4.13 


0.01 


B-6 (invention) 


b-6 


b-6 


4.12 


0.01 


B-7 (invention) 


b-7 


b-7 


4.12 


0.01 


B-8 (invention) 


b-1 


a 


4.10 


0.02 


B-9 (invention) 


b-4 


a 


4.09 


0.02 


B-10(invention) 


b-5 


a 


4.08 


0.03 


B-1 1 (invention) 


b-7 


a 


4.08 


0.02 



*1 : negative electrode sheet 

*2: positive electrode sheet 

"3: open circuit voltage, average value 

*4: voltage fluctuation, standard deviation 



The above results show that the batteries of the present invention are evidently small in the voltage drop during 
storage and their performance therefore is stable. 
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10 



15 



Example 7 

A total of 300 copies of eac* o, ■^•-^SS^SK!.^ 

products. 
E^grTfilsJ 

Neoa^ec^ee^arrtc-awere,^ 
2 prepared from .he* negative el «^<£" ^™Ba«e.ies C1 and C-2. Mi> «.«a 9 e drop alt., storage 

F remote 9' 

.vron* that 2 nieces of lithium foil having a thickness of 30 nm. a length 

o, zzxzsx ssss ° = < « r ***** ~ " n9 a almoa 

25 same effects of Example 6 were obtained. 

Ik. n*,tiv. decode sKeeK a ^^SS^STST^ ^ * SUSSE" * 'T""^ 
set of » neoatJv. el«*od. sheets • and *7" e J^;fJ,Zed „„, the., positive and nu*. 



20 



30 



35 



U-l - MlbO. OW ' T»Wa Q 

described in Example 7. The results are shown in Table 9. 



Table 9 



40 



45 




SO 



55 



•i , negative electrode sheet; 
*2. U in negative electrode; 
*3. positive electrode sheet; 
*4, discharging capacity; 
•5, the number of defective batteries 

production suitability. 

a a nwrnnhosDhate and magnesium fluoride were 
redetermined amounts of tin monad* aiumina. boron ox«Je. fn pyrophosphate 
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subjected to dry blending, and the mixture was put into an aluminum crucible and heated to 1.000°C at a rate of 
1 5°C/minute in an atmosphere of argon. After 10 hours of calcining, this was cooled down to room temperature at a rate 
of 10°C/minute and taken out from the furnace. The thus obtained sample was roughly pulverized and then pulverized 
using a jet mill to obtain powder of 6.5 urn in average particle size. When analyzed by an X-ray diffraction analysis using 

5 CuKa rays, it was found that this compound has a broad peak with the highest peak at around 28° as the 20 value, but 
with no crystalline diffraction lines within 40° to 70° as the 20 value. Elemental analysis revealed that this compound is 
SnAI 0 t B 0 5 P 0 5 Mg 0 ,F 0 2 0 3 15 (Compound G). 

A negative electrode sheet 6a was prepared in the same manner as described in Example 6, except that Com- 
pound G was used in stead of Compound 1-A of Example 6. Also, a negative electrode sheet 6b having an auxiliary 

w layer was prepared in the same manner as the case of the negative electrode sheet b-1 . One set of the negative elec- 
trode sheets 6a and 6b on which lithium foil was pressed under the same conditions of Example 6 and another set with 
no pressing were prepared. Batteries were prepared from these negative electrode sheets in combination with the pos- 
itive electrode sheet of Example 6 to carry out the same test of Example 10\ with the results shown in Table 10. 

1$ 

Table 10 



Type of battery 


Negative sheet *1 


Negative Li '2 


Positive sheet *3 


Capacity *4 


Defective battery *S 


E-1 


6a 


no 


a 


100 


7/300 


E-2 


6a 


yes 


a 


142 


7/300 


E-3 


6b 


no 


b-1 


96 


1/300 


E-4 


6b 


yes 


b-1 


135 


0/300 



' 1 , negative electrode sheet; 
* 2. Li in negative electrode; 
*3. positive electrode sheet; 
"4, discharging capacity; 



*5, the number of defective batteries 

30 

The above results show that Battery E-4 of the present invention has high discharging capacity and is excellent in 
production suitability. 

Example 12 

35 

Sni o p o s B o 5 A, o.5 K o i M 9o iGeo.i0 4 1 was calcined in the same manner as described in Example 6. and a negative 
electrode sheet 7a was prepared by repeating the procedure of Example 6 except that the just described compound 
was used in stead of Compound 1 -A of Example 6. Also, negative electrode sheets 7b-1 to 7b-7 having auxiliary layers 
were prepared in the same manner as the case of sheets b-1 to b-7 of Example 6, and the negative electrode sheets 

40 and positive electrode sheets were used in combinations shown in Table 11 . A total of 25 lithium foil pieces having a 
thickness of 40 um a width of 3.9 mm and a length of 41 mm were arranged on each side of the negative electrode 
sheet at regular intervals in a stripe shape and pressed with a roller to effect their pressing (corresponding to 13.8 g/m 2 
per negative electrode sheet). Batteries were prepared using the thus obtained negative electrode sheets in the same 
manner as described in Example 1 , allowed to stand at 40°C for 12 days and then checked for their performance in the 

45 same manner as described in Example 6. As the results, as shown in Table 1 1 , it was revealed that the batteries of the 
present invention are small in the voltage drop during storage and their performance therefore is stable. 



so 
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Battery type 
F (comparison) 
F- invention) 
F-2 (invention) 
F-3 (invention) 
F-4 (invention) 
F-5 (invention) 
F-6 (invention) 
F-7 (invention) 
F-8 (invention) 
F-9 (invention) 
F-IO(invention) 
F-1 1 (invention) 



Negative sheet *1 



7b- 1 

7b-2 

7b-3 

7b-4 

7b-5 

7b-6 

7b-7 

7b- 1 

7b-4 

7b-5 

7b-7 



Table 1 1 
Positive sheet "2 
a 

b-1 
b-2 
b-3 
b-4 
b-5 
b-6 
b-7 
a 
a 
a 
a 



Open voltage *3 
0.88 V 
4.12 
4.12 
4.12 
4.11 
4.12 
4.12 
4.12 
4.11 
4.09 
4.08 
4.08 



Voltage fluctuation "4 
0.39 
0.01 
0.01 
0.01 
0.01 
0.01 
001 
0.01 
0.02 
0.02 
0.02 
0.02 



'1 : negative electrode sheet 
'2: positive electrode sheet 
•3: open circuit voltage, average value 
•4 voltage fluctuation, standard deviation 



Ami*turecon,stingof86w^^ 
parts of acetylene Hack as an electricaHy <^ v ^^^ as binders and then Kneaded using 

weight parts of polyvinyl "uorWe and l^^^^SZ^ was coated on both stfes of copper foil 

Kneaded by adding water as the med,um tc ' ■^JTSSZS^ to compression molding by a calender pre*, 

a -sss: e— t and * en ***** 

to dehydration drying for 30 minutes at 230'C ,n V£ £™ m foil (99 5 % in purity) having a thickness 

On each side of the thus obtained sheet « Sg was carried out by once transferring the lithium 

of 40nm which has been cut to a size a pressure of 5 kg/cm* to both sides of 

toil pieces onto a polyethylene roUer ^^^^^^J!^ lithium foil was 40%. 
the sheet simuttaneously. Covenng rat.o of the active material. 3 weight parts of acety- 

A mixture consisting of 87 we.ght parts o { ^J^^^Z m was further mixed with 3 weight parts of 
,ene black as an electrically as binders, and me mixture 

Nipol820B (manufactured by N.ppon Zeon) and 1 weight ^ rt * *^ rode r ferial mixture slurry. 
wa?kneaded using water as the medium. 20^m using an extrusion type coating 

Said slurry was coated on both sides of alummum foil ^**™r~^ paring a strip-shaped pos- 

macttne.dried^nd^ 

ylene/polypropylene film, the negative electrode sheet (2) and the separate 
form. 
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The thus coiled body was put into a bottomed cylinder type battery case (4), which also serves as a negative elec- 
trode terminal, made of iron which has been plated with nickel. As an electrolyte, 1 mol/liter of UPF 6 (in a 2:8 weight 
ratio mixture solution of ethylene carbonate and diethyl carbonate) was injected into the battery case which was cooled 
at 0°C. A battery cover (5) having a positive electrode terminal was cramped via a gasket (6) to produce a cylinder type 
battery of 65 mm in height and 1 8 mm in outer diameter (Fig. 1 ), namely Battery No. 1 . In this case, the positive elec- 
trode terminal (5) was connected with the positive electrode sheet (i), and the battery case (4) with the negative elec- 
trode sheet, in advance using lead terminals. In the drawing, (7) is an explosion -proof valve. 

Thereafter, the thus prepared battery was charged to 3.2 V at 0.2 mA/cm 2 and then allowed to stand for 2 weeks 
at 50°C. 

After completion of the storage, this was charged to 4.1 V at 1 mA/cm 2 and then discharged to 2.8 V at 1 mA/cm 2 . 
This was again charged to 4.1 V at 1 mA/cm 2 and then discharged to 2.8 V at 0.5 mA/cm 2 to calculate its discharging 
capacity. Thereafter, a cycle test of 4.1 - 2.8 V was carried out at 5 mA/cm 2 to measure capacity keeping ratio after 300 
cycles. The results are shown in Table 12. 

Example 14 

Battery No. 2 was prepared by repeating the procedure of Example 13. except that 24 pieces of lithium foil having 
a size of 10 mm x 55 mm were used and transfer of the foil was carried out by a polyethylene board transfer (one side 
and then the other, transfer of 10 lithium foil pieces at one time), and its evaluation was carried out in the same manner 
as described in Example 13. 

The results are shown in Table 13. 

Example 15 

Battery Nos. 3 to 15 were prepared in the same manner by changing size, shape, numbers and the like of lithium 
foil as shown in Table 12. Discharging capacity and cycle characteristics of these batteries were evaluated in the same 
manner as described in Example 13. 

The results are shown in Table 13. 

Comparative Example 1 

The same evaluation as in Example 13 was carried out by preparing Battery Nos. a to e in which lithium foil was 
not applied or covering ratio of the negative electrode sheet with lithium foil was smaller than 10% or thickness of lithium 
foil was smaller than 5 urn or larger than 150 urn. 

The results are shown in Table 12. 
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Table 12 



TO 



15 



No. 


Pattern *1 


Size of Li foil (mm) 


Cover ratio 


Li foil transfer 


Capacity (mAH) *2 


Capacity ratio *3 


1 


stripe 


20 x 55 x 0.04 


40% 


roller 


1605 


81% 


2 




10 x 55 x 0.04 


- 


board 


1650 


83% 


3 


» 


80 x 55 x 0.04 


• 


roller 


1540 


70% 


4 


n 


4 x 55 x 0.04 


- 


- 


1665 


85% ~ 


5 


overall 


520 x 55 x 0.02 


100% 


n 


1710 


81% 


g 




520 x 55 x 0.03 




- 


1720 


72% 


7 


stripe 


8 x 55 x 0.03 


60% 




1550 


80% 






8 x 55 x 0.03 


- 


board 


1510 


83% 


Q 


„ 


10 x 55x0.075 


20% 


roller 


1620 


74% 


10 


frame 


10 x 20 x 0.05 


30% 


- 


1505 


80% 


11 


•* 


5 x 10 x 0.1 


15% 




1575 


71% 




stripe 


2 x 55 x 0.05 


35% 


* 


1640 


83% 


1^ 




4 x 55 x 0.08 


20% 


board 


1600 


77% 




disc 


10 mm x 0 .08 mm 


- 


roller 


1525 


74% 


15 




20 mm x 0.05 mm 


30% 


- 


1580 


82% 


a 

b~ 


none 
stripe 


20 x 55x0.18 


10% 


roller 


1120 
1480 


84% 
52% 


c 




20 x 55 x 0.2 


4% 




1310 


45% 


d 




4x55<0.18 


30% 




1425 


43% 


e 


frame 


10 x 20 x 0.05 


4% 


board 


1250 


68% 



20 



25 



30 



35 



* 1 . laminating pattern of lithium foil: 
*2. discharging capacity; 
3. keeping ratio of capacity after 300 cycles 



As is apparent from the results shown in Table 12. batteries in which lithium foil having a thickness of from 5 ito VSO 
<Z Series in which lithium foil is not laminated or its thickness or covenng rafco .s outs* the above 

ranges. 
45 Example 16 

55 ~SSL?^^^««"«'-i-^^'--~ 



Example 17 
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After completion of steps until cramping in the same manner as described in Example 16. the thus prepared battery 
was subjected to aging at 0°C for 2 hours and then at 25°C for 15 hours, and a cycle of 3.1 - 2.7 V was repeated 50 
5 times at 0.75 mA/cm 2 and at 25°C (this was carried out by a combination of constant voltage charging and constant 
voltage constant current discharging). Voltage of this battery after 3 days of the aging was 2.85 V. 

Thereafter, evaluation of this battery was carried out in the same manner as described in Example 16. The results 
are shown in Table 14. 

The term "pre-charge/discharge" shown in Table 14 means the just described charge/discharge cycle procedure. 

w 

Example 18 

A battery was prepared and its pre-charge was carried out in the same manner as in the Example 16 except that 
SnB 0 2PQ.$KQ/iGe 0 } O 2 j$Q.Q2 (6.8 fim in average particle size) was used as a negative electrode material. Thereafter, 
is the evaluation was carried out in the same manner as in Example 1. The results are shown in Table 15. 



Table 13 



No 


Pre-charge conditions 


von 3 


uiscnarge capacity 
(mAh) '6 


uapacuy ratio (To) / 




25°C M 


heat *2 


V3 


cur '4 


time (h) 








1 


15 




3.1 


0.4 


2 


2.58 


1600 


81 


2 


75 




3.1 


0.4 


2 


2.53 


1585 


82 


3 


15 


50°C /48h 


3.1 


0.4 


2 


2.61 


1610 


84 


4 


15 




3.4 


0.4 


2 


3.01 


1560 


79 


5 


15 




2.2 


0.4 


2 


1.70 


1490 


75 


6 


15 




3.7 


0.4 


4 


3.41 


1425 


75 


7 


15 




3.1 


0.1 


2 


2.55 


1625 


83 


8 


15 




3.1 


1.2 


2 


2.60 


1590 


78 


9 


15 




3.1 


2.7 


2 


2.85 


1610 


75 


10 


240 




3.1 


0.4 


2 


2.41 


1570 


80 


11 


480 




3.1 


0.4 


2 


2.28 


1555 


79 


12 


1 




.3.1 


0.4 


2 


2.55 


1595 


75 


a 












0.85 


1375 


70 


b 


0.5 




1.7 


0.4 


2 


1.35 


1400 


71 


c 


15 




1.1 


0.2 


2 


0.91 


1390 


70 


d 


15 




4.1 


2.7 


1 


3.85 


1480 


65 



* 1 , aging time at 25°C until pre-charging; 
*2, condition of heat aging until pre-charging; 
*3. voltage setting (V); 
"4. current value (mA/cm 2 ); 
50 *5, voltage (V) of battery 3 days after pre-charging; 
*6, discharging capacity (mAh); 
'7. capacity keeping ratio (%) after 300 cycles 



55 
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Table 14 



5 



15 



20 



25 



No. 


Pre charge/discharge conditions 


Volt '7 


Discharge 

ranarih/ "ft 
wopawllj O 


Capacity ratio 




25 C i 


haat 

neai c 


V* 1 o 


V-2 "4 

V fa. *T 


cur "5 


cycle *6 








1 


15 




^ 1 


9 7 


0 75 

w. ' W 


50 


O fiC 


10 lU 


oo 


2 


15 


caop r70h 
OU u / /<in 


^ 1 

o. 1 


9 7 


n 75 


50 


Z.oo 




oo 


3 


15 




o.o 


0 5 


n 75 


50 


£.wO 


1 Ann 


ft1 


4 


15 




£.0 


1 ft 


n 75 

w. * w 


50 


O Oft 
£.ww 


1 <^ATI 


ou 


5 


15 




l.O 


1 O 


n 75 


100 


1.31 


1 ccn 
J ooU 


7c 

/ D 


6 


15 




00 


n 


0 75 

w. r w 


50 


O.Zo 


1 <;oa 
1 OcU 


on 
OU 


7 


15 




o. I 


O 7 


n 25 

w.£*j 


50 


Z.ff 


1 AAA 


on 

OU 


8 


15 




3. 1 


9 7 


9 7 


50 

WW 


2. 


1 <^7n 


fti 


9 


15 




3.1 


2.7 


0.75 


100 




ID 1U 


0£ 


10 


15 




3.1 


2.8 


0.5 


10 


O Oft 

Z.oU 






1 1 


240 




3.2 


2.5 


0.75 


100 


2.91 


1600 


78 


12 


2 


50°C/2h 


3.1 


2.7 


0.75 


50 


2.78 


1570 


80 


a 


15 




1.6 


1.0 


0.75 


50 


1.35 


1490 


72 


b 


15 




1.2 


0.5 


0.75 


50 


0.82 


1380 


78 


c 


15 




4.1 


2.5 


5.0 


50 


3.90 


1495 


68 


d 


15 




4.1 


3.8 


0.75 


750 


3.92 


1310 


67 



•1 , aging time at 25°C until pre-charge/discharge; 
*2. condition of heal aging until pre- charge/discharge; 
*3 . charging voltage (V); 
"4. discharging voltage (V); 
3$ '5. current value (mA/cm 2 ); 

*6. the number of cycles (times): 

•7. voltage (V) of battery 3 days after pre-charge/discharge: 

*8. discharging capacity (mAh); 

*9. capacity keeping ratio (%) after 300 cycles 

40 



45 
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Table 15 



No. 


Aging *1 


Setting Voltage 


Current 

/ m A/ rm 2\ 

^iTiM/crn ) 


Time (h) 


Volt. (V)*2 


Discharge 

capacity (mAn) 


Capacity ratio 

(%) 3 


i 
i 


1 o 




u.o 




C.OC 


lbZQ 


83 




1C 

1 w 


2 5 


n 7 


£ 


9 19 


\ bUU 


7ft 

79 


3 


3 


3.4 


1.1 


1 


3 19 




7Q 


4 


240 


3.1 


0.2 


5 


2.68 


1605 


82 


5 


15 


2.0 


0.4 


2 


1.67 


1590 


79 


6 


10 


3.8 


0.5 


3 


3.52 


1570 


78 


a 










0.72 


1350 


72 


b 


15 


1.5 


0.4 


2 


1.10 


1430 


73 



* 1 . aging time at 25°C until pre-charge; 
*2. voftage of battery 3 days after pre-charge: 
20 '3. capacity keeping ratio after 300 cycles 



As is apparent from the results shown in Tables 13 to 15. batteries in which their voltage is adjusted to 1.5 to 3.8 V 
by carrying out at least one cycle of charging or charging and discharging during their aging have large discharge 
25 capacity and excellent cycle characteristics as compared with other batteries having a voltage of smaller than 1 .5 V or 
larger than 3.8 V. 

Industrial Applicability 

30 A nonaqueous secondary battery having high capacity, high energy density and high cycle characteristics can be 
obtained by the use of a composite oxide or composite chalcogen negative electrode material capable of intercalating 
and deintercalating lithium in which, like the case of the present invention, a metal foil mainly comprising lithium is 
pressed on the negative electrode sheet to effect pre-intercalation of lithium into the negative electrode material. 

35 Claims 

1 . A cylinder type nonaqueous secondary battery which comprises a positive electrode active material comprising a 
lithium-containing transition metal oxide, a composite oxide or composite chalcogen negative electrode material 
capable of intercalating and deintercalating lithium and a nonaqueous electrolyte containing a lithium metal salt, 

40 wherein a metal foil mainly comprising lithium is mounted in advance in a coiled group in which a current collector 
sheet coated with said positive electrode active material (positive electrode sheet), another current collector sheet 
coated with said negative electrode material (negative electrode sheet) and a separator are coiled in a spiral form. 

2. The cylinder type nonaqueous secondary battery as in claim 1 , wherein the metal mainly comprising lithium is 
45 directly mounted on the current collector sheet of negative electrode, which does not face the positive electrode 

sheet. 

3. The cylinder type nonaqueous secondary battery as in claims 1 and 2, wherein amount of said metal mainly com- 
prising lithium is 0.005 to 0.2 g based on unit weight of the negative electrode material. 

50 

4. The cylinder type nonaqueous secondary battery as in claims 1 to 3 f wherein amount of said metal mainly compris- 
ing lithium is 0.004 to 0.15 g based on unit weight of the negative electrode material. 

5. A cylinder type nonaqueous secondary battery which comprises a positive electrode active material comprising a 
55 lithium-containing transition metal oxide, a composite oxide or composite chalcogen negative electrode material 

capable of intercalating and deintercalating lithium and a nonaqueous electrolyte containing a lithium metal salt, 
wherein a current collector sheet coated with said positive electrode active material (positive electrode sheet), 
another current collector sheet coated with said negative electrode material and into which 1 to 30 g/m 2 of lithium 
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is pre-intercalated (negative electrode sheet) and a separator are coiled in a spiral form. 

6. The cylinder type nonaqueous secondary battery as in claim 5. wherein amount of lithium to be pre-intercalated 
into said negative electrode sheet is 4 to 16 g/m 2 . 

7 The nonaqueous secondary battery as in claims 5 and 6. wherein the lithium is pre-intercalated by laminating a 
metal material mainly comprising lithium on said negative electrode sheet to assemble the nonaqueous secondary 
battery together with the separator and positive electrode sheet, and subsequently injecting an electrolytic solution 
into the battery and then subjecting it to aging. 

8 A nonaqueous secondary battery which comprises a positive electrode sheet having a layer mainly comprising a 
lithium-containing transition metal oxide, a negative electrode sheet having a layer mainly comprising a metal or 
metalloid oxide and at least one auxiliary layer containing water insoluble particles, a nonaqueous electrolyte con- 
taining a lithium salt and a separator, wherein 1 to 30 g/m 2 of lithium is electrochemically pre-intercalated into said 
negative electrode sheet. 

9 The nonaqueous secondary battery as in claim 8. wherein the electrochemical pre-intercalation of lithium disclosed 
in claim 8 is effected by a method in which a metal material mainly comprising lithium is laminated on said negative 
electrode sheet to assemble the nonaqueous secondary battery together with the separator and positive electrode 
sheet, and subsequently an electrolytic solution is injected into the battery and then subjected to aging. 

10. The nonaqueous secondary battery as in claims 7 and 9. wherein, in said aging, the aging temperature is 0 to 80'C 
and the aging period is 1 hour to 60 days. 

1 1 . The nonaqueous secondary battery as in claims 7. 9 and 1 0, wherein said aging temperature is 20 to 70«C and the 
aging period is 3 to 30 days. 

12 The nonaqueous secondary battery as in claims 8 to 11. wherein the water insoluble particles contained in said 
" auxiliary layer are mixture of electrically conductive particles and other particles having substantially no conductiv- 
ity 

13. The nonaqueous secondary battery as in claims 8 to 12. wherein thickness of said auxiliary layer is 0.2 to 40 M m. 

14. The nonaqueous secondary battery as in claims 8 to 13. wherein thickness of said auxiliary layer is 0.3 to 20 urn. 

1 5 A method for producing a nonaqueous secondary battery which is constructed from a positive electrode sheet hay- 
' ing a layer mainly comprising a lithium-containing metal oxide, a negative electrode sheet on which a layer mainly 

comprising a metal or metalloid oxide and/or a chalcogenide and at least one auxiliary layer containing water insol- 
uble electrically conductive particles were laminated, an electrolytic solution containing a Irthium salt and a separa- 
tor and in which lithium is pre-intercalated into the negative electrode sheet by aging after in,ecton of the 
electrolytic solution, wherein said negative electrode sheet is prepared by laminating the metal material mainly 
comprising lithium on the negative electrode sheet in at least one pattern selected from whole. str.pe. frame and 
disc shapes. 

16 The method for producing nonaqueous secondary battery as in claim 1 5. wherein the position on which said metal 
mate^aknainly comprising Irthium is laminated is on the water insoluble electrically conductive part.cles-conta.nmg 
auxiliary layer of the negative electrode sheet. 

17. The method for producing nonaqueous secondary battery as in claims 15 and 16. wherein the method I to. ^aminat- 
ing the metal material mainly comprising lithium on said negative electrode sheet .s a roll transfer method or a 
board transfer method. 

18 The method for producing nonaqueous secondary battery as in claims 15 to 17. wherein covering ratio of the metal 
material mainly comprising lithium on said negative electrode sheet is 10 to 100%. 

19 The method for producing nonaqueous secondary battery as in claims 15 to 18. wherein covering ratio of the metal 
material mainly comprising lithium on said negative electrode sheet is 20 to 100%. 
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20. The method for producing nonaqueous secondary battery as in claims 15 to 19. wherein thickness of said metal 
material mainly comprising lithium is 5 to 150 jim. 

21. The nonaqueous secondary battery or method for producing nonaqueous secondary battery as in claims 1 to 20. 
wherein said negative electrode material is a tin-containing composite oxide and/or composite chalcogen com- 
pound. 

22. The nonaqueous secondary battery or method for producing nonaqueous secondary battery as in claims 1 to 21 , 
wherein said tin -containing composite oxide is represented by formula (1) 

SnM^Ot (1) 

wherein M 1 represents two or more elements selected from the group consisting of Al, B. P, Si, Ge. elements of the 
groups 1 . 2 and 3 of the periodic table and halogen elements, a represents a number of 0.2 to 3, and t represents 
a number of 1 to 7. 

23. The nonaqueous secondary battery or method for producing nonaqueous secondary battery as in claims 1 to 22 
wherein said tin-containing composite oxide is represented by formula (4) 

SnM 3 c M 4 d O t (4) 

wherein M 3 represents at least one element selected from the group consisting of Al. B, P, Si and Ge. M 4 represents 
at least one element selected from the group consisting of the elements of the groups 1. 2 and 3 of the periodic 
table and halogen elements, c is a number of 0.2 to 2, d represents a number of 0.01 to 1 . wherein 0.2 < c + d < 3. 
and t represents a number of 1 to 7. 
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FIG. 1 

C 
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FIG. 2 
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6: GASKET 

7: EXPLOSION-PROOF VALVE 
4: BATTERY CASE 
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3: SEPARATOR 
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FIG. 3 (a) 
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